Applicants note that Claims 2*5, 248-251 253-255. 260. 264. 266, 2^0. 270. 
272. 284. 288-290 296. 299, 303 304. 308-313 and 313-326 are pending tn the above- 
referenced application Claws 315-323 have been withdrawn. As \vi|: be discussed ;n 
further detail below, claims 265.. 296. 299. 308 and 325 have been amended to more 
distinctly claim that vvhich Applicants regard as the invention These amendments nave 
been mace to advance prosecution Applicants do reserve the right to file subsequent 
continuation arid/or divisional applications on canceled subject matter 

Specifically, claim 265 has been amended to recite that the snRNA is U1, U2 and 
U4 snRNA The recitation of U1 and U2 :S exptessiy supported by the specification tn 
the paragraph bridging pages 103 and 104 and the sine 9 of page 104. Applicants note 
that thete is also implicit support on page 104 line 9 since it slates "This, invention 
should be applicable to other species of snRNA inciting U2 " Furthermore as 
d-scusseo dunng the interview on June 24. 2009. the following is stated on page S. lines 
4-13: 

U1 U2 and other snRNAs are nuclear -localised RNA 
molecules compfexed w=th protein molecules. (Dahfberg and 
Lund 1S88 :n Structure and Function of Major and Minor 
Smail Nuclear Ribonucleoprotesn Particles, U. Birnstlei. Ed., 
Springer Veriag. Heidelberg. p38\ Zieve and Sauiereau 
\ 390 Biochf&rnistry and Mofecuiar Biology 25; i. all of which 
are incorporated herein oy reference) 

The various promoters for U1 , U2 and other snRNA operons 
are very strong and produce large amounts of RNA U1 and 
other snRNA? nave signals for export to the cytoplasm 
where specific proteins are complexes before reimportation 
to the nucleus as snRNPs. 



The reference Zieve and Sautereau which as stated in the specification is incorporated 
by reference shows in Figure 1 U1 . U2 and U4 A copy of Figure 1 of Zieve and 
Suateieau is attached hereto as Appendix A. 



Claim 2^6 has been tended io teotb thd the u>nstsuci <j--mpfii,teS L ; or U2 
snRN A or both This amendment was >vade to insert snRNA" after U2 ho new matter 
was added anc the amendment is supported b\ tne specifica; oo. 

Apoiicams further note that claims 299. 308 anc 325 have been amended to 
seate that tne specific nucleic acid p;cdtced is compiementaiy with a speciti;. portion :;f 
one or more vira; RNAs or hinds to a specmo viral protein This amendment roef^\ 
deleft the phra?e or r.e!iitlar" Thus no new matter was added and these 
amendments are supported ny the specification Further :n v tw. of the amendments nf 
da ms 289 30S and 325, claims 333-31 1 and C24 hove ooon canc&ica 

f. SUBSTANCE OF INTERVIEW 

F thi Applicants would hKe to thank Examine „ Zar* fui her time and ihouuhtfui 
suQuesiions uusincj thw interview with Applicants ifopiesentalive Chtsiyf H Acjns and 
one of the mventcrs, Df James Donegan on June 24. 2009 Tne Substance of the 
Imesviev/ is set fours beSow 

A. Brief Description of any Exhibit Shown or any Demonstration Conducted 

Apnhc.^nfs submitters" Fig- ires 37-^3 arv: 46 of the specification since tnese pages 
and figures were fefe;?cd to dutng the mteiview. 

B. Identification of Claims Discussed 

Claims 24?. 265. 299 '325 and 52& were discussed 

C. Identification of Specific Prior Art Discussed 

As wf ; be set forth -.n 'nrther detai belovs. Casabretta e: a! was discussed with 
respect to the rejections mder 3b USC §103, 

D. Identification of Principal Proposed Amendments of a Substantive Nature 
Discussed 

Possible amendments to claims 265, 299 and 325 were discussed. 



E. identification of General Thrust of Principal Arguments presented to the 
examiner 

An adequate description has been provide:! to support the pending claims. No 
new matter Is contained in the pending claims. Further, none of the pending claims are 
obvious over the cited references. 



F, A General Indication of Any other Pertinent Matters Discussed 

Possible support for amended claim 285 reciting U1, U2 or U4 snRNAs was 
discussed. 



G. General Results or Outcome of the Interview 

Applicants agreed to subrcvt arguments to support assertions of adequate whiten 
descnpiion arid further agreed to po;t;t out with specificity sections of thy specification 
that support the instant claims. Furthermore, Applicants will set forth arguments as to 
why the chasms are not obvious over the cited references. 



If. The Rejection Under 35 USC §112, First Paragraph 

Claims 245. 248-251, 253-255 260 264 265 268 270. 272. 284. 288-290, 296, 

299, 303. 304. 303-313. 325 and 326 are rejected under 35 U S C. §112 first paragraph 

for lack of written description. The Office Action specific states: 

The claims are diawn to an isolated mult- -cassette nucleic 
acid construct comprising at least three promoters, and 
which optionally comprises a nuclear localization sequence 
comprising a portion of snRNA comprising sequences tor at 
least two stem loops present at the 3 : end of native snRNA, 
a reimportation, and an antlsense nucleic acid sequence 
replacing stern-loop formation of native snRNA. ana which 
nucleic ac:0 construct produces, upon introduction into any 
eukaryotic cell, at least one specific nucleic acid from each 
promoter or inir*ator. which upon insertion into 3 eukaryotsc 
cell produces more than one specific nuclei acid each such 
specific nucleic aod so produced being substantially non- 
homologous with each other and being either 
complementary with a specific portion of one or more viral or 
cellular RNAs m a cell or Dtnds to a specific vsrat or cellular 
protein, which virus Is optionally H!V, wherein each specific 
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nucleic acid binds to a different target nucleic acid sequence, 
and the specific nutferc acid binds to a specific cellular 
protein comprising a localizing protein or a decoy protein. 

1'he specification and claims do not adequately describe the 
various genera comprising i ) any snRNA. comprising 
sequences for stem loops present at the 3' end of any native 
snRNA, and which comprise any reimportation signal or 
which compose any antissnse replacing sequences that 
parttcipated fn stem-ioop formation in the native form of any 
snRNA" ii.) any cellular protein comprising any nuclear 
realizing protein or cytoplasmic localizing protein: ill.) any 
decoy protein binding to any protein required fot viral 
assembly or vual replication 

T he instant disclosure at the time of filing, does not provide 
adequate number of species for the broad genera claimed. 
The specification leaches the human U1 operon, and 
elimination of 49 base sequence involved in the formation of 
A end B loops formed by U1 . The specification also teaches 
a three segment, triple operon constructs comprising either 
three U1 promoters or three T7 promoters, and antisense 
targeting HIV 5' common leader, the TAT.'REV coding 
sequence and the splice acceptor site for TAT/REV of HiV. 

The disclosure of these constructs, however, is insufficient to 
teach or adequately describe a representative number of 
species for the broad genera o? nucleic acids constructs 
claimed, such that the common attributes or characteristics 
concisely identifying members of each proposed genus are 
exemplified, and further whereby any primary nucleic acid 
construct comprising any primary nucleic acid sequence is 
introduced into any eukaryotic ceils and acts as a template 
for the symhesis of any seconcary nucleic acid for the 
synthesis of any gene product, which nucleic acid construct 
comprises any snRNA comprising sequences for stem loops 
present at the 3' end oi any native snRNA and which 
comprise i.) any reimportation signal or which comprise any 
antisense replacing sequences that participated In stem-loop 
formation in the native form of any snRNA; ii.; any cellular 
protein comprising any nuclear localizing protein or 
cytoplasmic localizing proton, in } any decoy protein binding 
to any protein required for viral assembly or viral replication. 
The general Knowledge and level of skill m the art at the time 
of filing do not supplement the omitted description because 
specific, not general, guidance is 'what is needed to provide 
a representative number of species for the broad array of 
nucleic acid constructs claimed 
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Since the disclosure and the prior art, at the time of filing, fail 
to describe the common attributes or characteristics 
concisely identifying members of the proposed genera of 
compounds claimed, or fail to provide and adequate number 
of species for the broad genera claimed, the description 
provided for this very broad genera of compounds is 
insufficient. One of skill m the art would reasonably conclude 
that the disclosure fads to provide a representative number 
of spec-es to describe the very broad genera claimed. 

Applicants respectfully traverse the rejection. It is Applicants view that there is 

adequate support for the subject matter recited in the pending claims There are three 

sets of claims, n ; claims 245, 248-255. 260 and 264. i2) claims 265, 288. 270. 272, 

284, 288-290 and 296 and {3} claims 2SS, 303, 304, 308-313, and 324-326. Each will 

be addressed below. 



A. Claims 245, 246-255, 260 and 264 

Below is a table summarizing the support for claim 245: 



A composition comprising (a) an isolated primary 
nucleic acid construct comprising a primary nucleic 
acid, which upon introduction into a eukaryotic ceil 
acts as a template for the synthesis of a secondary 
nucleic acid which acts as a template for the 
synthesis of a gene product, selected from the group 
consisting of a sense arid amisense nucleic acid in 
said eokaryotic ceil, wherein said secondary nucleic 
acid or said gene product cioes not act as a 
template for the synthesis of said primary nucleic 
acid and 

bi a signal processing sequence 



p.92, par. 1, p. 93, par. 3, 
Examples 23-25, 
diagrammaticaily depicted 
in Figs. 37-39 



Page 96, lines 12-15: 
"When the above- 
described compositions 
further comprise a signal 
processing sequence, 
such sequences can he 
selected from a promoter, 
an initiator... ' 



Fuithermoie, as assisted its the response to the pievicus Office Action csafej 

April 16, 2GG8. the specification on page 32 paragraph 1 states 

The generation or formation of a Production Center from a 
Primary Nucleic Acid Construct or the generation or 
formation of a Production Center from another Pf eduction 
Center However, production centers cannot produce a 
Pfimary Nudeio Acid Construct 

A production center is defined on page 8 s . lines i4- (9 as tof'ovss 

As used herein, the term production center is intended to 
ccvoi secondary nucicc acic components which can ec 
o-ocuced from a pi unary nuclei aod construct Also 
covered are a tertiary nucleic acid which could be produced 
from the secondary nucleic aoc component as wefl as anv 
nucleic acid product >,vh;ch may be produced ft cm the 
secondary nuoelc a-: id component 



Furthermore, it is stated on page 93. lines. = ! -17 

Thus a significant embodiment of this invention concerns a 
composition cempusing a primary nucteic acid component 
which upon mttocuction into a cell produces a secordasv 
nucleic acid component which is capacic- of producing a 
nucleic acid product or a tertiary nucleic acid component, or 
ooth The secondary and tertiary nucleic components and 
the nucieic ar.;d product are snr.apaoie nf prcdur.sng the 
p- imary nucleic acid component 



The fetnt nucleic acid component' is defined in the paiaojaph oudging psqes 93 end 
94 as: 

In the present composition the primary nucleic acid 
component can comprise a rue-tec acid, a nucleic ac<d 
construct a nucieic acid conjugate a vsais a virai fragment, 
a viral vector, a virosd a phage a phage vector a piasmid a 
oiasmid vector a bactenum ana a bacterial fragment or 
combinations of any of these 

Thus, trie term 'nucieic acid component 1 encompasses a nucie=c acid const; yet or 



nucleic acid. 



Specific examples of production center art- provided in Figures 36-40. A 
description of Figures 36-40 Is provided in Examples 22 (describes Figure 38). 23 
{descnbes Figures 37 and 38). 24 {describes Figure 39} and 25 (describes Figure 40). 

Claims 245-255. 260 and 264 depend from claim 245 Therefore, arguments 
made with respect to claims 245 would apply to these claims as well 

B. Claims 265. 268, 270, 272, 284, 28S-290 and 296 

Applicants further assert that there Is adequate written description of claims 265, 
268, 270 272 284 233-290 and 296. First, in response to tne assertion that the 
specification and claims do not adequately describe the various genera comprising any 
snRNA comprising sequences for stem loops present at the 3" end of any native snRNA. 
Applicants note that there are only a liroitec number of snRNAs (wiih the major species 
classically considered to be U1-U7V At the time of the filing, consensus secondary 
structures have been generated for U > . U2, U4, US and U6 Secondly, only some of 
them have a reimportation signal. U1, U2, U4 and U&. Further, as noted earlier in the 
response, in order to advance prosecution, claim 265 has been amended to recite that 
the snRNA is U1 U? or 114 snRNA Although only U1 was used there would be a 
minimal amount of effort required to apply the present merhods to U2 or U4. The 
insertion of appropriate sequences could be dons by a variety of method besides she 
methods actually employed For instance, a set of oligonucleotides could be 
synthesized II sat could be hybridized together and hgaied to create an snRNA cassette 
with a restriction site or sites that woo^d be convenient for Inserting a sequence of 
interest Conversely, lather that a universal cassette a fusion product could be custom- 
made, where a set of oligonucleotides is synthesized, hybridized and ligated together 
that includes the anti-sense sequence of interest. 

With regard to "any anti-sense RN.A", Applicants have basically described the 
use of the snRNA as a scaffold where the anti-sense sequence of choice may be 
inserted This would preserve - he desirable properties that are the physical property of 
snRNAs anc allow these properties to be shared by anti-sense transcripts As such the 
invention would be independent of a particular anti-sense RNA transcript and the 
method could be used for any antl- sequence that was of Interest to the user This is the 
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same way thai a novel expression vector should be patentable regardless of the 
particular sequence coding sequence thai is inserted for expression. 

Claims 268. 270, 272, 284, 288-230 and 296 depend from claim 265. Therefore, 
arguments made with respect to claim 265 would appiy to tnese claims as well. 

C. CSaims 299, 303, 304, 308-313, and 324-326 

Applicants with respect to claims 2S9, 308 and 325 notes thai these claims have 
been amended to recite that the specific nucleic acids produced are complementary 
svith a specific portion of one or more viral RNAs m a cell or binds to a specific vsraJ 
protein. There is adequate support for this recitation. Further, Applicants note that in 
view of the amendment of claim 299. claims 309-31 1 and 324 have been canceled. 
Additionally, claim 326 specifically recites that that nucleic acid produced is 
complementary with a specific portion of one or more HIV RNAs in a cell or binds to a 
specific HIV. 

With respect to assertions made regarding snRNAs, as noted above, there are 
only a iirmted number of snRNA s (with the major species classically considered to be 
Ul-U?) At the time of the filing, consensus secondary structures have been generated 
for U1, U2, U4. IJ5 and U6 Further, trie insertion of apprcpnate sequences could be 
accomplished by a variety of methods besides the methods actually employed (see, for 
example, Figure 46). 

Claims 303. 304 312-313 depend fiom claim 299. Thus aigurnents made with 
respect to claim 299 are applicable to tnese claims as well. 

In view of the above arguments and amendments of claim 285, 29S, 299, 208 
and 325. the rejection of the pending claims over 35 USC §112, first paragraph have 
been overcome. Therefore, Applicants respectfully request that these rejections be 
withdrawn, 

III. The Rejections Under 35 USC 6103 

Claims 245. 248-251, 253-255. 260. 264. 299, 303 304, 308-313, 325, 326 have 
been rejected under 35 U S.C § 103(a) as being unpatentable over Calabretta ei ai. 
(USPM 5,734.039). in view of Binkley et al. (Nucleic Acids Research, 1995, Vol. 23. No. 
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16, pages 31 98-3205). the combination further in view of Craig et ai (WO SSI 08835} 

and Aiul et ai (USFN 5.532.130>. The Office Action specifically states. 

It would have been obvious to incorporate RNA 
Oligonucleotides that bind to proteins, as taught by Blnkiey et 
a! in place of the antisense oligonucleotides taught in the 
system of Calabretta et a!. One would have been motivated 
to incorporate rna oligonucleotides that bsnd to proteins 
=nstsad of the antisense oligonucleotides in the system of 
Calabretta et al. because Binkiey et a! teach that high 
affinity RNA iigands to proteins, such as NJGF that localizes 
NGF-sansitive growing axons, can be easily isolated using 
the SELEX procedure- and teach that such RNAs may 
furnish useful diagnostic toofs for the study of proteins. Since 
ooth types of nucleic acid oligonucleotides are used to 
determine binding interactions, as evidenced by the 
teachings of Calabretta et al. and Bsnkley et a! . one would 
have been motivated to express the RNA iigands taught by 
Binkiey et al. in the system of Calabretta et al. 

One would have a reasonable expectation of success given 
that each of the nucleic acid molecules were known to b:nd 
with target molecules in a sequence specific manner, as 
evidenced oy Calabretta et al. and Binkiey et ai One would 
have a reasonable expectation of success to express the 
protein binding RNA molecules of Binkiey st ai in the dual 
system of Calabretta et a!., with the advantage of producing 
two different binding molecules at once. 

It also would have oeen obvious to use the SELEX method 
to assay for RNA molecules that It would have been obvious 
to incorporate RNA oligonucleotides that bind to proteins, as 
taught by Binkiey et ai. in place of the antisense 
oligonucleotides taught in the system of Calabretta et al. 
One of ordinary skill would have been motivated to design 
and synthesize antisense that target and inhibit HIV proteins 
because In the search for potential therapeutics to inhibit HIV 
infections, as taught previously by many in the art, including 
Alul et al. One would have oeen motivated to screen for 
resultant RNA aptamers against a decoy protein because 
Binkiey et al. teach that high affinity RNA iigands to proteins 
can be easily isolated using the SElEX procedure and teach 
that such RNAs may furnish useful diagnostic too^s for the 
study of proteins. Since Craig et al. teach that decoy proteins 
are proteins that are useful to serve as a mutant that is 
capable of binding to a preferred site but yet is incapable of 
activating transcription, one would have been motivated to 
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jse the SELEX method of 3«tkl«y t-t a! to dent;i> RNA 
igands t>_- arv, known ptctwin. such as the J^ov piott-m* of 
Craig et ai. 

On* 1 would have a reasonable ^vpectatron of - access gjven 
that Cratg et ai teach the benefits of decoy proteins ana 
Btnkley et as fesch assaying for RNA aptame>s to proteins 
and teach n method (SFI FX} that is widely use to identify 
RNA molecules that bind to known proteins 

it would have been obvious to construct a nucleic &C;d 
•ronstruct v>ith more than two different prom iters dnvmg 
expression of different gene prccucts This would have 
rwoked nothing more than routine experimentation at the 
tune of the instant invention, and relying on the pn-:-r 
teachings ot Casanretta and A!u! et a! tor the utilizing these 
constructs to target HIV RNA. 

Applicants respectfully traverse the rejection First, Applicants assert that this 
f eject on should not even be ap^scable with respect to claims 24J\ 248-251. 253-255. 
260 284 given that these era ms ate not focused on mu fi-promoter cassettes 
Furtheimoie, the Caiabretta reference m combination v> ith other secondary references 
has in previous Office Actions been apphec to claims 299, 303, 304 306-313 325 326 

Apcifcants again traverse the rejection with respect to claims 299 . 303, 304, 306- 
3 1 3 325 ana 326 With regard to Caiabretta Applicants wish to federate the position 
that their teachings were based on the icea that ;wo different cellular locales 
{cytoplasm c and nuclear > demanded two different promoters Regardless of the nature 
of the particuia- sc-fjuonces hoin.j expressed from each promoter cf Caiabretta ssinoo 
this is the only element that is being added bv the other references) Applicants ag^n 
disagree that any particular motivation exists for Caiabretta to expand to more than uo 
yrornotfcis since both ot the essential two locales are auead;, cover »o by thy use of two 
piomolers it isn t jus; ;hat Caiabretta uses two different genes to a cell but rather tnat 
they 30 to great length to explain that the cytoplasmic as well as the nuclear locales 
should be separately targeted There is no third locale other than these two pet ens of 
the cell, thereby offering no particular incentive to add a third promoter Even if was 
desirec to target more than one cytcp asmic target the an of the time of Caiabretta cn;>j 
describes the use of a single multivalent anti-sense RNA rather than separate 



transcripts Applicants note that claims 299 and dependent claims 303. 304. 303 and 
312-313 and claim 328 recite that the construct comprises at least three promoters. 

Claim 325 recites thst the promoter is either an snRNA promoter or 
bacteriophage promoter. Caiabretfa et a! does not teach either snRNA promoters or 
bacteriophage promoters. No direction was given in Caibretla et al. that would 
motivate one of ordinary skill in the art to choose these promoters 

The other cited references would be of limited significance Binkiey et ai merely 
teaches molecules that may bind to cellular protein Craig et al. merely teaches 
expression of a viral decoy protein, in Applicants view it would not he obvious to 
combine ai* of these references. As noted above, combining Binkiey et al with 
Caiabretta et a= would at best provide a construct that expresses two specific RNA 
sequences, that binds to a cellular protein. Given that clasms 299, SOS and 325 have 
been amended to recite that the specific nucleic acid binds to viral protein and given 
that c^airo 326 is directed to an HIV RNA that binds to HIV protein. Binkiey should not 
even oe applied. Further, there was no suggestion regarding combining Craig et ai. 
with the other two. Craig et al. merely teaches the eloping of a protein and its 
therapeutic uses There i§ no teaching regarding binding to a specific nucleic acid or 
facilitate transport. 

Aiu! merely discloses anti-sense sequences containing 2 -5' linkages and their 
uses as therapeutics The Background of the invention merely summarizes the state of 
the art with respect to the effect of various oligonucleotide analogs or gene 
expressions. However, m Applicants' view, it would not have been obvious to combine 
Aiu! with the other cited references since the ?.''-5' oligonucleotides are not incorporated 
into constructs but are used as stand alone therapeutics. The claims recite a construct 
that would be used as a template for synthesis when present in a cell it's difficult to 
imagine circumstances where incorporation of the 2'-b' nucleotides of Aiu! would take 
place within a cell. 

in view of the above arguments. Applicants assert that the rejections under 35 
USC §103 have been overcome. Therefore. Applicants respectfully request that the 
rejections be withdrawn. 
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SUMMARY AND CONCLUSIONS 

It ;s Applicants belief thai the pending claims are -n condition for allowance 
However, if a telephone conversation would further the prosecution of the present 
application. Applicants' undersigned attorney request that he be contacted at the 
number provided below. 

Respectfully submitted. 



Dated: July 7. 2009 Cheryl H. Agris, Reg. No. 34,086 

Telephone No. (914)712-0093 
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Ths SnRNAs in Mammalian Celts 1 * 4 -** 
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sites for the splicing reaction. Th; U<i/U6 and US snRtfRi 
preasse.tnb-ie into a single 255 {Mtiicte at btnd.i to U! . "2, and 
the substrate to :«m the mature sphere: one. The Citron is thsrt 
KijiOvtd.by tV'O concerted cleavage and ligation reactions. OJI -' : 
'if!? U 7 snRWP base pairs with a conserved sequence in the 3' end 
of histone pre mRNA ana is (in essentia) coi'scfof tot the cleavage 
that creates the mature .'(crtadeny !:>ted 3' end. The l: f i snRNP if, 
prssen: it! Use polysdeny Satte-n comple < thai processes -he .3' end 

pairing withihc sobs : rate.' rt 11 Sfif cics U3 3nd U8 ari focsiueti trt 
the nt^irroitis. where I!.' base pas; s vwh the asS rRNA precursor 
;H s sti!! Hi-iide-infied n-g ; rj.i stid fiJJMiofiS !R pre- fRNA ptoeess- 
irsg 10 TJijs reviev-- covers { S ) the rsrucfure of the snRNAs vnd 
their g;;i-;s. (2) the stim.iu;e of the miRN'P particles artd :he' 
regulation of snKN*? assembly, .«i(3 (3) ;he function of rtisrurii 
shRNP parade., in the m-el^i:;. 

B. Evolutionary Co riser vatiem of sr.RMAs 

!;> vertebrates, -he snRNAs are h:»hty conserved, w ith se- 
quence differences af iess than SC% S«sween hird:; and tnanv 
rnaS;;. !<i U ■ and Ua an; th» most sbuadam siiRN As, wnb UJ. U4. 
US, and Ufi present in approximately .■ tenfahi icwer Abundance. 
TJta growing family af oth«f srSN'As, U7 tts U ! 2. an-, .incthcr 
tctsioic iosscr in sbur : d.irt£:r. (Table i) r.^o y,i;e«f jintnsry 
isqiienees divstge between witicfy ■scpsrssed organistps, ;hc 
S«seoftrfafy jtrycturt;. o; s«8NA$ sre sirongly eortservr.jj i;i se- 
cies -4h rtifterent ^ vv.;!S( snd "uro^v'Thr. siiBNAs li*vc s«v«-ai 
eonw^-et' sconce: niiKifs. ;ftdi;d!r:3 k- to IV-nuvkotuJc. 
single -stranded scqu«-^'«. Af JnCPu.n - 2 - 6, fbisiid in aimo-.u 
s!i W snRNAs. that Arrets the h-.n'iUvg of she iomrwjn set of 
inRNP core prt>t« ms reactve wuh ths Sm an-i isra and ii tafjc4 
th* -iCT bifff.:it!§!,!tc ; * J? (! 1 es Figute !). There are aiso saqucf.Cff 
domains in Sfefa! snRNAs capabk- of base pa:ring vith thtir 
fMOCSSsir.g substrate;; and other $nSNAs. 



Ti;e tri£jt>r snRNAs ftcrt: Drosopkiia fftis nave similar 
mobilities to the mammcdiaii Ui to U6 sriRNA.s.- 5 '' 9 With tiie. 
exce?t!;;n of U>. ■ jjese soRN At. an; iramanopredpitabfe by !:!■;;- 
SfD antiseja, whic!) racognsaes the corrtmon softof msmmstian 
saRNf proseias. and seqviertcc ana5y-ij s show,-, & 75% horootogy 
w:;h fr-at>imaUan ttsuntfrparts. The secondary structure of the 
various DrosovWa stsRNAs ts in general h:gr.iy coowrved 
sorapartd with the mammalian -,r>RN*>- 1! Figure !C). Se- 
c:i:f:nf.s homology i« pirticularly strong in specific rsgtons ihst 
probabiy ara neees->a/N' to their fur-viion. such as ilic 5' si^i «f U i , 

ie-rjp fi: -he different snRNAs. 1> w SfiRN.Ai showing hcmolcgy -,o 
tlve maif.f m.tmntaiiar; -.r-RNAs have been f-jomi in ttiierotjrgafi- 
ismh T:Kii its Afnotbo, Tett<thymt»o.Bomiiyx l AndO)cryosK!i«frt. 
as \vt\\ as :n fung: and higher plants. ! fit C. ?'eeans. the common 
leader iiiat ii found on a iarge set of mSNAs ;s ii«tiaiiy >ran- 
scriMrf a;id woce.sic.rj iii.c a snRNA. During the : r,it:r : - .ipiicing 
event the nueitu:-., ihis snftNA serv«s as the first axon 3nd its 
5' 12 ancisotides splittd to the t.tibr.trata -o fojmri the common 
spiked ieiide{. i: " i ' ! 

1. Lcw-Abundsnce Mammalian snRNAs (U?to Ui2) 

Recently, severtii minor suJfNAs have b-':i-n identified «n 
■Tiaiwnaiiats ceils because of their di.ij.nosttc ij-!r-iethyjgasr.os»»e 
cap (Tabic })- 'f^cse ftNAs arc much less abcntlan? titan the U i 
K U6 ■>!!$. N As ' . ' ■ ■ 

. Tlie U7 sr.RNA is 3 .^-nucleotide snRNA that oi the 

.ihund ance of :hc I ' 5 --iiRNA Thi ■: snf<K A is an eisentl s I lofactot 
forthe J ftrtd ps&tsssingof b ; >ione prs-jr-.R}\ f A. A ■ ?-rtuclefjt:de- 
ongscqua !.-.:« (from V> its 26 niitJeotides fiwii the 5' eim) base 
;i;:ijs with a tff;iversa:ly conserved btorK at the .Vend of hatofle 
prs-mRiS'A .ir-<i Itetps spectiy the sue of 3' enti tltsvage.* 4- * U7 
; s iiniistjuopm.ipit^ijie by Stn sntisera. r.owsvef. its Sm bincing 
sits is o'ive-sien; from the conserved Sm binding consensus 
sequence found !« cither snSNAs^^ Csee Figure iF). 

Fivt (■■iher smali, io*-sfct!ndartce SNAS t'u'S to ft 2), ai; 
imnvjftcprecipiubic by anti-Sm and artt-mnwthy!g«.t«f<-.ifie 
C3p antibodies, nse charattemet; 111 rat ami hunian ceiis '•* L ! d. 
U "i 1 . and V12 sre scqucneed and -;ach ha, .i trirnettiylgtianosme 
eap and a Sm bin uVtg ^tc sithc-igh the Ufi ^m sequenrediverge s 
slight-y fr.)m theconsenset UK inRNA i« prettm only in ^S.GOO 
copies per ceil, and '>hows hf gh (95%) sequence consefvaison 
betwceri rat ajiti jitiniMti cel!^.' h ts iocaiir.ed pfedominamiy in the 
nuclacthi:;. ss is U5. Both W a-rf U!fj ilsow unttjue fitigerprints 
uniike other kttov,-! snR'-iAs." Ui ! ami V !3 aie sequenced at id 
contaiji the (yptcai Srr. binding site aat! possess a inrnsthyfjaa- 
ncsine y cap.' 'i> ft U 1 \ snRN? -^fractionates v.i(b an esscntiai 
activity fee ;',■! Wdo poiyadettyiMtion of pre-ntSNA; !to^ev.-r, 
there h itienttned sequence eompieitier.tatity with consers-ecf 
ieqiisnr.s mytife :n the p^e-ntP.NA substrate.* 4 A Sfjt piecicsubte 
complex binclr. to the conserved pclyadenyiatiott i,squancc rrstuif 
aa^: prottttit; it from. rtt;C leattc dt ijenion <>r viuo. bin ! ^ is not known 
if it is a snSN? or j RKA-'ree pantcie " The nucteoiat iocation 
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of Ui> lugger ihat si mi) pLy ^ rcik m nS<5>>fj»ii.i ! ^N ! A 
procf j&ir ,> funcigun a xU-vw tfcs nuclear Secaucr of U'Sarui 

Herpes vita's ..odes for four &{■« tfic *bRNAs <1u» :iv< -nfrct! n 
of HKW.iRahaa vtfih. The v ; na ivntfwsiies four novel jriRWu. 
HSS.R J ;o i. of k,.v afcuiuiaric.* ih.it ^rr- iu Jt -f;ib:.->j k «i ti- 
snRNPcors proteins ifri ihst scq«ire a typical tftmetJ-.j i^ii.KK- 

C Plant snRNAs 

jvMitac with i«f)iethYigu{if.(jsiac cap a-Hsixvj'es sho* 



werf sdwiifistS 'iy hybrid iskctian wj-h cloned roam mail .'in !J2 
£ene a -jd by .;-.mt- icpr ecipttaiioa with ami Sro antibodi^;. After 
iTiecuc" 1 jriio XfCpw: locytes, the fursgu! 3«ii poa soRNAs were 
packaged He -")RNPs 3nc! trjrtsporsed inm the nuclei, indicat- 
ths! ibs Xsnop«$ •sn^NT' protests assemble w'iih the tryectsci 
snRH-Xs lofum k pMisffe capable of norma: m trice iluiaj local' 
; ?xitf tsf anci tf sp' po r- H o w e v er, i Ik: ef f :C. ie.1 c y of as sac i & nor* wi 
Xgr.upu r vvRN? pf-tr-tr-^ varied between speocs and the inA: viJ- 
isa! sriRNAs* 

Hcnfjgesniiitfon of ksf r:S5uo. folic wed by fil-ration anrf 
uactsonjn;' i o<> PeicoSI cusii.'wss, pif-parci large f!tj,>riiti« of 
r-Jf>fkd f.jelo! ;x.d .incieoh When iow<rr.o)ecislaf-wrig{n 
SNA* i!»s frAcoutUvSd >»» &c!s. !he csvonil pattern si;:;;;^' 
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HCjviSE 2. SniWi is. !?is ryiriffte'Bi i.K>iu.\.<sai«f £.929 fills.. ' : 0' 'H- 
S and »ie:< :i«S «! l* 2?<S= ?.<s<iisn;4 (. jttpIsMS and ksji *fia«: 

srtts f.<sk« IstKfcc f«> «iie »Ui> SOpCftn! ':■< ur-iinf Use S » a( six: «r«H 
S.Mas j:feMfl: :n i". isewfeal f^fva •>'>'•« *f tvusjjiaitt taiturej {« W ;;:er 
«fluc:»t«r ;atj bcteic >..!lv«:Kig, ( " C , * ip '^' Stst> " SNU 

resembief. thaiof msmrosiiian cd'i. and :> similar imosg .w.vf,fai 
higher plant spades.- 9 Sequencing of it-vera! of -he phnt P.N As 
cotnigMiKig with mairmuiMfi miRNAs confirm their Klentcy as 
plant sr.RNA*. T".e sequence of broad bc.m vJ2 shuw, virtue! 
identity at the Z' end a-.sii iiic^g homalof.y at !h; 3' t«d to 
fpanuisaiiar- U2, iis aj s nsarJy ide-ntiea! secondary structure 
and a coriscfisai Sm binciirii!. siie in s ;lm '- f^vcn as marina i ■ 
ian U2." 

Like mammalian U3. bryasi bean U3 is ruoU-filar in lor at ion, 
mii <hows about 50% sequence nomoiogj arid e$:.«[»:ai!y Men- 
rkai iee oncary structure fiom-Jtogy ^tth its mammalian counter- 
pan *> Broad b«a« U6 ss 80% homoiogoys ir, wqueace and 
virtual!,- identic j! in i.ccoujaty nniemrs to rat U6, tutl it lar.ks 
se^sn iv_'Cfeo!i<«s at tlw 5' em3, and bns ;t so m -.;wist different 
pattern of methylated nueieoStcm Similar to me marr-maiia* U6. 
bean Lift it hydros^ hoorfe(JtolM. J " J '!TieciipofbfC\n!ll>s < w U6 
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KS . 2« No No 
)t -J5« No 




Data from firfererires SOsni i i. 



appears, Jobs a rru.-sjiiktj atickctsffs of im*i'ti*f natij c jr.ii'C 
thai of fflsmf~»-!i.m U6. wMch is a tneihyt >{)tiip -f .i-f frtwu 
piiospb.Atc of ti>« 5' •jsic:eo;!iic.' < ,,u 

0, Yeast snRNAs 

5flyMStcfns.spprwiffiaiety2<!ow.mai£cu!ar-weighlRNAs, 
r3:>|.!r>g from 100 » t :?5 Hacteotides, have the V..V? trimeih- 
y ! ^uanos:f-f f..ip i.batactpfhi :t of the snRNAs-* !U (TabS; 2;. 'llwy 
a:'i preHsmin only 200 to SO0™pt:'s jjwri in.fieas, and an; tssualfy 
coe'ed for fey sir.gft copy gene? instead of she mUiipfc copy genes 
ol'highef eak.-!ryotas. TlMs^MHiUiev *-tli ihc substamiaiiy fever 
pfoceswti intsv)»« in >esstpre-j«RNA '"Sis of she yeast y.:iRHAn 
are analogous. structure ami funetions w tlw :naj!5» ;«ammai ; an 
wRN As Ui to U6 and ar« css.rfniat for ccf! viability-'" (see Table 
3), Thes* RNAs have the eonsc-viu:. sequer.ee res-ponsiWe forshs 
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6 N! 



bsoding of tf«t Sm cc«c ptoscms 
U i ces 1 

it V f i i i 
i- 1 U t i 

I i i f w 

f « If s, 

! h 1 n 1 



identified a* homotogws » the major s«RN, 
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The Ul jtid ! J2 genus ofuiiic-pes"^ elo;.!e:s. 3nd th'.re .lie up 
W stv'^is: hundred nuraiteis 3.;e not kiicva) «or.i.> in- 

scribed Ui p.-.ejcogenss.'^** ASihough Uieie are pseudo&'-nes 
for other ; nRNA genss, n>(»: oj thcni 3ie truncued ani are 
ttiiBiiJy n«l pressn; in « gtea* s number for IM . w td Xer.opas 
and ses archm iherp. 3is largi: tandtm arrays of emboom'c 
genes th.\i are trsnscrsbcfi a? high f_-ws in catty 'jevetop^ersi, "> 
aii^st'W to vers! sdwt U i gerr:;. thst sire pnsseni w Je'-s thsr> ten 
royiei each ami Art- scattered throughout iha genome. 51 * 1 Thi 
Stntautes. ot'the wnes for ihe major snRN A;: arc re vie. eS bdow 

Restvi«ien roap-p»sg 3i hign wnsency uggtsts there re 



! bus frwn 500 to 1000 pisiiwgcncs" Orrtnly . ck^.rf fuif- 
j length U! gc;">« from human ceits .i!> have ceding w^eences 
j idenicai ;t> the caooriica; Ul snRNA s^ucnut, hu^sva, two 
! resuiii suggest si* re nay be :!(!-i;<:tt».ii tun* fide Us ge:sss * 5 *' 
j Secuarice anaivji;; of ihe U i s,hRN As in bumjin ceils a: *ejf>. iht ~e 
j is. mit"»be<e:oge-'rity in between .5 .vta' 1 5?e of the Ui snRNA;.. 
: The-M variants ChftV fty from on* to ihr*<t nutjewncle chan^. 
s.r»d they occur in both single - and Joyrji? stranded regionr. of ihe 
snRN'^.* s Tbs genes f;r Sfieie vjrianis fijve. rot been identified 
an", rrts'y be. invasg the iargc i'smiiy cf Ut gen<& shaf were 
pre vinusly considered pseed'wenes Aho, newly xy:-:;r:e,$i2e-::U5 
I srsRN'A -s sevKfSt fsaeieotidas icmf.er thar. mature Ut, and ths 
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GENE STRUCTURE 
03£ FSE 3' BOX 




« Ceih 



iis fi.'ivs heterogeneous 3' fiaitjurcg :ii 



(Hienee.*' Ail pftv 
identic; 15 wit-It. 
sequence, suggesting that other variant, previously Hr.^rjuericed 
genes are tfsnscribefl. ■» uiopon o; ;his hypothesis, assorted 
major U I *ew ami a class ! |»eudcgenehybr.dkcd is rfiitsttm 
subsets of !ht U) transcripts, suggesting that at leas; some of the 
previously described UI j3.wu(io»Ws are actually transcribe..} .*> 
"?>:i<, suggests the r.umf»f of ires Ui gsnes is greaser sh.ir; the 30 
panes ^vuh the csnortKsi Ui sequerii,;; ami 3iso = B0 ^ ! *- ft * 



reveal hoimuogy beiwe 
extend a; leas; 2d kij 



gene 



sequences ether eicnr.ri snSN* 



;n the genes <i! fit* 5' flanking region 
jpitresro. -A-ii!* «;qeence conseiv 

c* itteriticai (o the 1 ATA fca>. const 
s U^tscnbed by KHa poiymsra;. 

with an adenosine. Alignment r>f ;h 



U3 



■tified two d 



served sequence motifs, iocsted ; 
representing she PS£ 3trd the .liihsneer-hke OSE. re'spec- 
f^T ! " SS tWi5 * tVcd (ficiifs sr..- sf$o re- 

Although highly conserved within a species, the S'seratertces 

ate not homciiogo-js with if».>%~ of oiher species exceptor ihe 
conserved proximaf arte enhancer efetnenis. and show hither no 
HwKslcgy with seqaenws tlsnJeing psc«do S «w a -;« High .trm- 
gertey hybridization <i<i ng probes to ihs flan!; ing reg ions of the 
0! gene show that there am about 30 true gens... for burr-an Ui 

A conset ved'resjon at the downstream end of the U ! gene !S 
necessary for proper 3' end formation, ami ks deletion result; ,-rt 
the formation of nu-r.b icnger Ui t-3«?cnp«. 5SS * "fas rer-ien 
required, called the .V box, h fvt»n 5 to 2S fttKicotirieiVof the 
«'i»rcic«u«tit.etffj-.u.«drv ig'-f M;pr >,ng!v -w ,.->(, j,U- 
coding .«t}oct!re is spparat-jly riot required foe accurate .V end 



:orm3<tar., j\ tt, J* set Sort anu replacement with Joreitn sc.- 
nurrrsws, such s.- parti of Bioh:ri series. dt«5 not oi'fccs 3' end - 
format:-™ ^ However, a funtiionai t} ; or U2 PSE ii an absoJuw 
;s^«itejne«t fu: formation of ;<!e pnjper 3' and,'**' Rtpisc<mcnt 
of ihe stiRNA promoter;, wish m-RSS'A piomcteis rciujis jn 
poiyatjsnyisisttrt f; f Jn extenrfsri 3' ejici, 3ppaf£tnty due ro 3 
poiyadenyfatioa sequence locateti dowr.siream of the "owia! 3' 
end." Hernando; and W'c-.-.nw " aim fouinJ that ;.j)e U! or Ui 5 
enhsoeif r required i'ot ateytwe .V ftnti ;ort?53:i«n, though tins 
tii; : p:;ied by other tabs who us«ti mote or ies-; ini.:.*i T.51 
sequences rattet tjisij foreign S sr,c sequence.? in ;he.t gctieiic 
Vi}«aructs. iak.-i tf) S «her, data suj-ges; ;i)3i she.. U-RN'A 
•tansc^pt icaccjnpJtx inwlves iocwi ihai recbgr^iie both 5' and 
3' .Sii<|utin.i:s mat an-, not found in other RN'A pciyn-.erase ii 
irAnscrj f ,tioi5 ojinpisxis. .'irid that these factors arc rs-^uiitrf irj 
form the untque V ends of snRNA*., ■ 1 - 

S.-ngie-fujiiii mixtions wiihtti !fi« 3* ix>x : » oi U3 inhibits 



^>sf3's 



h hot?. 



.-■i;d-lyps stst 



■a oocytes 3«d WeLs ceii;;, 
•or-s ntrdttgweofctsrreet 
sv3riesftorn8<)^sooniv 



i, He.U c- 



the 



injettiifJot 



iriiRsftctcd ihe sajne miwartt U J . a rid double - p 
iiavs a g«8K'< inhibitory efka though a{i muiatjoos tested 
shewed 3t ieasi psrtisl .»b>Jiiy to generate proper 3' emis. Ths X 
uo>. is apriarentiy futtctioitaiiy equivalent bsiweert ,1iiTerc«t 
sniWAs aarl -pstiv-i. since substitution of -be normsi U! .V box 
witn a rot U3 3" box s!lo*n! nest iy norniai 3' protessirtg , witf. the 

Usjflg iotv-stringeacy '(vbiidti-aiions. there are between iOU 
srrd ICOOhuitia:: Ui pMyd()fienes. w "njeiiepseudo»*:fiesfa!i ituc- 
three distinct r.fasses: ;f;;;.s i, which has scattered base s«bs««u- 
Jwrss tn the U I science hseffaml considerai;ie fl.inf;ing homoi- 
f.-gy wid-. ihe :we genes: ci»» U. w«»ch has bss« siibf.rirtsdun.s and 
is truncited sr. trie 3' ircd. with li«Jtr i»mo!ocy to ihe true genes 
tn the fknkin. rrgions; and da^ Hi. wiiich i 5 fj»U length irs the U l 
region itself, and !ki. : . ff3tilfins; regions different ftrjin either ci3.';5 
ii pseudogetscs m true gene;:, li is proposed thai efass I cseu- 
dogenes ; ff e. generated by s « f :« duplication, because »f the 
eonservstion of the ftsnking regions. *hile cis-is Si and Jfi 
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pS t irttogcn t J a re. ere a led by a 3 N A -inedi at e<i insert ione J rad!j - 
msm. The rnicrttheierflgeneity observed in ifse Ul snR.NA dis- 
cussed above suggests some ft;' the class 5 pseadogetMS ate 
actually Jranscribed and assembled into mature nuclear UJ 
xrsRWs*-" 

In humans, wie Ul gcttes : <re clustered on a s^nsif bant! 
(iltot)gh it is possible that a Sew genes could be located else- 
where), ip36.3, located toward she up ai" chromosome I . with at 
least 20 >:i>Si|J3raang Individual genes * The class i pseitdogenes 
are ciustwd if another band t>;i ciij wnosortw 1 .** 

in Xt/sepai -Asm are at least -.even diffctcm US snRNAS, 
including two foetid in erebryc-tsic cells and five found id adul- 
tissue,** The iv»o embryonic Ui geties, *Uiba arsdxUlb2,a:e 
present in 500 copies each md are asircti in 1 8 i.b repiat units 
organizer! if. large tandem arrays. Tne adult genes are prtxent in 
approximately ten copies each scattered ;hrc<j>;hoyt the genome ^ 
There appear to fx relatively fsv; p^ctitiogoriss iri XenGp<is> sins* 
rrdcrtjinjectiiort of 20rsndornly sofcel&ned Xwpus U I jenes stsio 
oocytes were ail uviti.'.r.rihed, and this wotila fee unlikely inhere 

were tnOfe Uf pSS!:-jog.WiC» ihjD tOtC §6fi« in XcaOput.* 1 The 

struc ture oiXfnctms and human gene-, is ;-.:mi!ar, including aPSE 
a: about -SO nucleotides and an cnhancer-liks DS£ at 20J 
iias.!co«t:=» thji ii wxtisuy joftioiw?! :ramr.nptiorw!;'t*.vefs. :C! 

SnRNAs are not accurately wsnsenrsed :n in vitro systems 
pt spared from mammalian cells. In a HsLa ceil extrac. a ciwcii 
V ! gene is-trt!ii:i«5hed by RNA polymerase U. b;:: rrariscnpiion 
bestir". 1 83 basessirs apstr:at» yl the 5' end of the actual U i gene, 
and a sequencer seduce. betw« : ,S0& and 393 l>»e pairs 
upstream <5') is nscessary far tta>isc;-!p;iori. ,s However, a-tined 
sttKNA gfiiet; ate accurately transcribed whiii) iojfiUitd intt; 
Xsnepus oocytes or when incui'iiitd with b concentrated e.u.set 
of ths Xf.f.npjLS oocytes or sea urchin b!asit!:a.* !i ' t ' 

U-ihka the verwbraw vnRNA gentii. ihe yam Ui gene.-; 
wqueuce element.-, are .-snalogous t;; those of mRNA ganss. Both 
yUi ;sttfi y{j^ has'f a TATA bo* located at nvclectide -98, andir-.e 

virajiLiy idcr>ticiii ostween ths two srtRNA:k : *- s * 

3. U2 Geaes 

TiK i-rut-tvis of 'he htiK :a:t V;?. gcrt** has many sim:iar.i:>;s to 

eiertier.ts and 3' seqttstiw triiriftent.'. iris" ate r.ecMsary for proper 
ifanstfiptlo«. ,1,,s However, thsre sis f.:t Sewer U2 ps«:rfox': ->« 
t'tan Ul pseudvgci^es, snJ the U2 pseadoset : ei ;rt Ivorfians are 
i!sur:!f¥ sevtne'y ir-tncatsd tit iheit j' cj)tfe.* ! Aho, the U2 g?:ies 
arc arranged it; tatirJem astray s wits a Kitjsii ieii^ti; af 6Kb located 
©:i a hand in cbtOffiosorfts t? so :t,: K ' : 

Mmstion of -tse 5' aritJ 3' sequence eletiwuis. the U2 gc =ws 
and anatysf Siififis treffects on tra«scr:p:it!r) have heipfd irjstitify 
comrfiw regaUtosy features among ihs snRNA genes. ?l-5> Like 
Ui . m has no tn-B 7 AT A box, btti recisitriri fcoth a DS£ 3( -220 
and a F5 £ -50 for irar-scrip-sen Df ieissw of the DS£ < stihsftcsf 3 
between -216 and -2?S fcass pin causes a decline in ;h; kvat tn 



t;snseript:r;r'. so less than 5% of control levels, aithoug.ti asttirate 
:riiiiat:&rt stilt occurs. Deletion of ths 5' sequences to iba -3 
positiors, removing both the I>S£ and proximai eierricm, com- 
pleteiy abolishes U2 ifSRScriptio-r:, while deletion cf trte fir".; ^2 
bsse pairs ':' to the U2 coding sequence his n»ef feet oa trar>.icrip- 
tior..- J iftver&itiB of the DSP. fetluces ftecarase transcriptwrn of U2 
to less thss 5% of control level;., byt transcripts instiled at 
a>)r<«: [f rj! «ps«K.tfrs Mte-i are siirnulated." Accurtite iranser-otitjn 
occur- at control levels iridependeniof focattcn up««ans{»i feaM 
from -<i J to - 1 98 esse pairs), pjtwic'ed the UhL sequer.ee !5 sn tts 
proper wierstaiion. Deletion of four ba^T psus fu;tn ihe D3^ 
bet«re*B -218 and -223 abolishes transcriptional activation to the 
extent ^ deletion of the ejmre sequence, ihe DSL hiss many 
of trta ••hafacts-r^iiCi uf typical -inlsancers such as poshif;- - 
independent actuation of trat:iCt;pi:C"i, but sho provides infor- 
rrtatlon HKtesssiy for pivjpei choice of initia-iort siic." " 

There art; no detet table iievelopmemai variants of ibi U2 
jjertes its Xenopus. ThcXgn&pus U2 gc»es ana arranged m saridem 
arrays with an 831 -bp repeat iens.it), containitig si: 5 ht Mijiials 

U3 genes irt Xtfiopus. with ;-o identiiU-d pseodogtints. Ths 
cotitrcsi of" U2 gerts tr3nscripiion in Xenons* m .'iitntiar to that 
nesc.-ifjr.fi in harnaisa. ;:>:ccpt ths; enhancer- like DSE, located 3t 
about -260 base, parr:;, is completely, orssritaticfi-ifidepertdefii." 
o"c<juon« analysis ot th : s siemeftt showr ;tr<;ng onsetvaticn 
y»irh the human U7. DSF, and is homoiojou. to the SS'-^Oand 
;wmcnci;iob(i!in heavy gene enhancers. Deletion of ins DS£ 
seduces traRscnption <o oriiy abrnr; i% of control ievcls, whus 
deisrtion tff the pfoxs;;i3; eletrittu aixiiit-hes irsnscntnior: en- 
tirely.* 

Recent sti.'diei have isolattd and rharactcmed the yea^; f.. : 2 
t-ene (V.nR 20), Art ohgenadetxide srobe f'jr human '•}>. RNA 
isolated Li .nortiiu'-si^ed U2 gs"* ff0m S'.:hs"/imcd;aro:ni(iS 
pp/nffe, but bound toan 1 nS-r.tideoude-lwtgRNA In^jfCmfo. 
fityces ce !'j?vi.s«c. Tbe gene itself. LSR ; . has teouence eieroents 
sirnditr tc- ether yeast snRN.A g«i«\, incltulini.; s T'ATA-iike b;w 
Si •SSnucieottdesand a a' iitym-dins-rich region, Delcticr.of this 
get* in yeast results in -ass uf vijibtltsy and cct! death.** 

4. U3, 114, US, and U7 

The gen?* for L : 3 and {« are ciohed. but are not as well 
char;ictert;t«t iss the gemi for Ui itttd U2. ! «- !9> tike Ui and U2. 
the U? arifJ LM snRNA genes ar^r dispersed in ihc genome an;i 
tj)cre sr<; abundant psetsffc^e.tf s for ttarih. C!ruds csttmatcs tif'thc 
copy riuntbe! for these oiher gsncs suggests that thire are a few 
hundred gctttrt. sad pseudoge ;ks for each, jtene • «nn ly, bat c-rtty a 
few tens of tttse genes lot each wj&NA in mant-naliatt c«!ts.'°* !M 

The hitman U3 pene has been closed at;J is psesettt only once 
on a 2.3 krs fragment. Indicating tf;at if tite human f J3 gcite.s Jte 
in i3nder," arrays, they arc :<esarated by at least a kilcbase. 1 * 5 Tft« 
wa g««e has regions homoiogou;. :o the DSE, PSft, atid 3' 
processing Signal of U! anJ U2, as wei! as * sequence aducern 
tc the DSE :hat ii specific io U3 and conserved in U3 geft«s from 
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other species fcathero hybridist! w;s show iha( between si> and 
nine copies of the human 03 getie exist, and :hat she genes are 
U-Kitted :r. die. nuclear, rather than the nudeoiar, ON A. !M The U3 
genes are iocalxitt; in the nucleoplasm, not in, ;h« nucleolus ):Ve 
th« t»ati«e U3 snRNP,' 4 * 

snces in coding sea.ue rises.™ Cior.es of r^o of the gene;;, 04b .-.mi 
U<k\ are (j» a single ttagntent; however, alight 

difference; in (he irsdirtit sequence of the U+b gene and she 
k)w«'R U4b s«qusfice suggest that the t toned gene ratty be 3 
rnniorvsnafitard not the train gene dos;ef. U!1 ChscvenceiisalscJ 
have i*e closely linked variants, !SI At least SOU'S genes exist 
in herrtari «!is. ctrst' there art. many truncated U4 pseudogeass as 
The Li" genes have 5* sequence demem:; corrtmon to 
other srsRNA genes. incUtdmg trie F5E at -50 and at; inhancer- 
jis.eDSf;fii -Sit'. In ntidition, theft hi 3ncien.iswce:itsre<j around 
• ■ -Othatis hc-r.olijucus between the LM gene fatnstits.oyt absent 

U-S ,fS in XfiiopM, at least three different U<S sn.R.N'Ar. **rc 
irtenufied and the sU<tb it preferential!} transcribed during 

tiSJUiC,** 

:;k- hiding ,ipp:'j>.iit : .;ieN ICO stanes found in 583 bp repeats. 1 * 

t t !fi - mi ,• x> * ^Ki,! Mi t ? ^ T" uuitr 
tneiif fiwnd in the DSfi is in thscpposireo.-ietasnofi so d-a; Sound 
•n US or U2, and a*) additional required sequent:* element wa; 
iottnoi Ifi the DS£ that ts not ptesem ;ti U 5 or 02. The U5 gene is 
expressed, more, efficiency than the U2 gene when inland into 

Untiles ssfier yeast snRN'A genes, the yes;! 03 gene t;;n.R i 7 > 
has two functional genes, such with 32K- rntcteot ice -;r. ;s coding 
.'.ftiisiwtsi that shave 96^hoft\>logy. w "* , T"hi: flanking v^nences 

st a wrtf«i<! htghci level than yUMs The !\\f> RN As are Identical 
in U:c«liv:.B;ton, imttiunfipfecpi'sbiluy, and base pairi^; to nre- 
f RNA DcJeaari of both genes i s iatriai; hove sir; . either w; of the 
genes e:*u he delete*! the ceil *i*oi:( effect Ttanscripticifi 
of these two genes is '.oorGuiateiy regulated, .sines production o" 
$«K 1 7b increases when snR I ?a is deleted 

The yt?3 t;enes have a TATA hox $5 nucleotides 
upstream from the mmsu&ti site, 14 - 5 ' 1 The uxact .nicieotiris st-- 
qactwi: tjiMireajitftf the ifiii;:iikin site is preceded i?y A 4 . 5 GTarid 
differs from >h3; of the sphcefssomai ye.ist snRNAs winch have 
stretches <.»(' Cs. As, and Ts.* 4 

Ftve UT genss were idsftUHcd in 5 ciustet m 'he sea 
wehin / , ianj«tffAf;;itf uulisris. Or.ty orse of the genes, U? i . !•,<<. 
the identicat sequence as the eiot^iJ ca-iaiar U7 snRhJ A, fjiji it is 
possible the others are ttsnsenbed at it>w ievcia. 'iV 07 i gp-rre 
has 5' DSF; arid PSE and a 3' temtinaf box sinnfai :o that of 
tnimaai s a ;:• ft RN As . 1 : i 



5, U6 &m&$ 

Despite Aburtiiam evidence that the U6 srtRNA is RNA 
5wiyfiiBf*SK H! tratirf.ript, the genes for U6 share tnany festurer. 
eortitticn to the other snftNA se«es, vhkh sre poiymctsse 11 
ttttiscfipif..'"'" 3n fsct. the fj6 injecteti into Xnwpu.s 
tjoeyves are transcribed by both RNA polytnsrase U ami JH; 
howevj!}. the polymerase H transcripts are sberrstu and iheif 
.'.ignificance :simkot>v,n Similarities befwaeti tha Uf> gene anrf 
other SfiRf-'A gnncs :aet-.:rie a required sequence st --j,3 -67 
nuefcotides that is homologom tn tfje U ; ,:nd t;7 t'SE, as we!l as 
an trshancef-hke DS3H at"icat=t 245 ruictectitfe upstream. 8 ' * 
Deletion of DSI; d*crei;.es transcripiif;:-! of the ;-ni:-.fcn:jfff.i.rd 
gene m XentpK by over 90%." The l?6 OSE is hemoi-wous to 
ciher tnRN'P L-itis and it c.in rep-aw. the DSE on a U2 gene, a 
kf:fiwnpo!yrf:e:.ueinr;>r.L-cfipt.fheDSc: binds a fautaf common 
wine 02 DSE ianti presumably odiet wtRNA genes, ai! of whtch 
have die DSE and octatittt nitflif) ;! Gxeesa L-2 gtnes r.oii'.jected 
t« :>o Xmwus cwytes with Uo gene » rediiee: tf an script ion of ; he 
U6 st«:e», us. does a syfiihestzsd oiig&flacieottde contaming she 

genes, h^vs the D.SE deie;ed." Ssqiie(i«s upi.:?e3m ;>f ;«r DJ£ 
ate also ttivotved in trrmsiription, since cleieiton of '-egs'i-v 
upjtieaiT! of -280r.ti;isctides reduce iranscrtpucinof X em-pus \)t> 
fenes to naif this eenttoi Jeveis." A Ksjocncc sttniiar to tnii TATA 
box found upstream ofrnRNA genes present upitreirrt of the 
Uf> gene, but rJeitiiort of this tiUjuence h-ss or-iy m:ror eriects on 

06 jjetv-i. ako share a;s interna! rtsj;on at a^ nw;i«.iidss that 
is horriologc-a tt. tnterfiai f orttraf re t> ions of otf.e; coi/tnerase Hi 
tr.srt'if.ripts sarh ,w -33 rRN A ,; " However, this imcraai eoritroi 
regmn. the \ '(- A bo\. e.an he deleted front Ub withotii sifes."ing 

a ■'jin:y:<a: factor Wherii.;;i!i;eeiediri!or;o;ytes ( excess SS ;enes 
(.oirspsh with ^ dd-type i)6 to reduce or aboiish trans-.ripiion, 
and !f,e 1.6 A box de Set Ion nnnars; is much ies:. affected than wild- 
isoe U6 in i.-jfj:netition eApcrirrierii;,,,''' 

TS;e U6 genes ar; 'andeni!)- repaated in two iutge thj:;i^rs :n 
ampt:ihi;:fi>,. Otis' clfiiWf its!, a ■ 6->:o repeat and is present m 200 
copies, jnci 3ftciirie; hc_sa ; 4;b repeat pr«,-.cn! >n .': scut 5ft?; r.opies 
per jsncine. The ^nifkante ai the two different dusters is not 
tec •■>;:-,*' 

in Duaop 'mia. tf cre s-re ihr-.- V-f< gr.nf.'- chtste ted on a single, 
2-hb f-agrnen-. : '' 5 Akhougi? w toding sequences for ai! three Uti 
genes ate 'Uef.ficai, s-w fia'As-j; icfu-it '., csp-, uih ire T ,\e- 
fjuenres, hase diverged considerabiy. Tr-.z Dfaophiin U5 gena;. 
hace an ttpstrcatu TA';^ bo*, but not the PSE sad fi.Sti fosird 
apstritaM of site mammaiian i.if. ,:tid other snRNAs. The 
ph'ta U6 series iiso 'uve a, Stitema! e!eu>L-nitthe A box ! trtV'tn -iS 
tts nuefeottdes ihst :s iiontoiogotii to control regions for (RNA 
and off ik t :Xi!yi?ierase Hi trail scripts Unlike fno:;t snRNA gener . 
■tansciiption of the Orvsyphtk: ! J6 genes is species specific, 
since the DtiSifynila g.enis sre accurately transcribed in t.n W/r.v 
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extracts using Droiophila si»cf«3f extracts, but not if nummalssfl 
nucfesr axtraais xre used Likewise, memos- U<> gsnes cannot be 
transcribed using DresopWa mieisar extra'-m hj W«rt. but am 
transcribed minj estreats from mammalian Bocle:."* 

in the fission yeast $el>ii<n<tu .to w«ycet ^rtfi* the US gene 
inciuciosscaflic^bed intron !!5 Tri« inuojs is y-xtiiv n:.f.iw of she 
snSN'A thought to he. iav.jJved in the W:\16 interaction. The 
mtfen is.-enitwed duringproce >Si:>g in ine r.ac second the «t»t«:e 
£.ttVhaia 17% homology with (r-stnmaiian U*$nRr?A. Thi'- 5s she 
fsrst report of a snRN'P invr.ivec! in protsismg iis own transcript 

F. isofonrts anal Devetopm«ntaJ Regulation 

A gfe-.virig mmtei of snRN'A species mr.:uda low-abundance 
variants vwtt< iTtmor sequence hsssjogsHcHy. The r\«ia:»nsi 
stgtJfc/ice of these variants and their possiole contribution to 
chtt;-en'ul FlN A. p of c<ss. ig 'idling alurifunivtiplice or 
poiyatfeny iaiien sua selection, n a« known ! " sjcvcfoprrisritsHy 
reguSsted isofnrrr-i of U! ftjtist i n some s pet iCi. However, id most 
species, jncliitiuwc human, chsc-yen, and OwophHa. thfe are. 

3bova, in human tafis dwrc ii miail fi action of U i that shea,?. 
■n;f:W iiCsuewf- difference- with ttifi major l f l snRN'A Hyw- 
f.vtf. variairts showed no Si»wr- or aeii type specific 

dlaiiltfUllOfifc.** 

Several oiherspccit*exr>rf « at least two dtwirtct types of U 5 . 
generally dtifcfing t-.y .whsiituiion of a few bases and dJteterim 
in wethyiationof isiiei. Mouse ceils contain i«o f-wj^r hoienns 
of V 1, 1.1 i a ;>r,fi U i fe, wbicn differ »rt six swt-eosides. *. well as 
one ot two minor variant; of Ufa arid 1Mb, al! r-i which ar* 
' da\£:opnaer>uiiy fcgt:iaied.. ,,kl " in the oocyst, gre^-ir li >- i;: 
of the L : ■ :s V ta Embryonic j ; fetal ceils express I. 1 is and Uib 
ir.eoua! quantities, and £ip:ession returns to a: most -mally Ul ;i 
by a -*vr< after birth. Scjtne Uib jS present. fv»r, ,n achats, m 
tissues that have irsa-iy tmcf'rfcirntiiieci s;cm ceii:.. such as ie&tes. 
.'■rsieen, or ihymwi."* Mouse Fwnii o.-tts i.-ii>.f.t<-<i *i:h spieen 
;'oc;is-!Orniiti£ vif»s t.SI'TV} oxrires.'i o minur U!a v-iria;;! arid 
;'ouf l. : !b vsrtstus not fo-fnd 'ir. «oi nice ted ceils ' 5 

in Xf-optis there ate two emhrytiflic Ul genci. sUit>! an J 
xU ib?, org3nt?s(i i 1 ^ brjjv wtiJirn jepeait- tnst are transf.ribNi a; 
.< bigb nt<: iti eariy- r>rcvi{ciiog::r»c ooctj-er. and in easi> e:n- 
t-Oos. ,: ;t * :!I '^Boih aJoit U ! snRNAs Ul at ^nr! sbec rnbtv - 
ctitc »>PNAs arc switched on a! th-; tr.idblasttjfa tTsnsiiwwi, bat 
cmb^OfjiC svtifhesls iS soon Swftcitrd off and only atfs-it ffirrns 
s'.tutiuihte m the 4d«i' ti.wttas Tbe e^btyoftic Ul genes 
accutntjlate in a ■• ! ratio in oocy^s. hovew. duong tne sttort 
ocnod ot synthesis ir. earfy cii-vc.^pfnetii, tliey jttttnisd^nr in a 
ratioofStc- 1 ,U f hi to'J i b2-Thst ratsoof tf&riKnptiftn i« ff.f!ec!e<} 
when the penis are Snjretsd imo nr-fenitir^si A;e/i<?p«y «gg>. : * 

TUe significsiiccof the (S= vefopmwtaf resuutiun uf U ! genes 
is. attknwn. JV <?ifft«ftf£s in aer-tienee atswttf iiie da^.;iop 
mc(B3i;y regtifatsd Ul ^nant.'. are twt ionnd =« fb^r 5' f nrt thai 
fe.ivns ih« 5" ipiicc jtmr.sion reiT^nitiOn setjuance, t»at u-neof the 
batt sisbstituttcns may aiici i!te stability c- the stem str-jf.tura of 



the motecuie with possible effects on soRKP Msembiy "Hiete 
is aSsc- dtif«entf3S KCitmula-ion of 04 iscfurms dnrins early 
Xenopas devetopmefu. !0S 

G. Artibodtes io srtRNPs 
1. Antibodies io snRNP Proteins 
The di.ir.rivery that srittsera from patients with aaiotmmune 

<MCTOj. wo^jiife the snRKP pfcracls* presided a powevin! 
its* approach ior studying if-.e snHNi>s J4 At teas! f ; ve a-.ttnet 
specificities (fat reccgni^e pi«te;n cuttipO'.M-iit.s of the -t»RNF*s 
Bsr.ickibavtbeencbarsi-wsed ftoni patents witiiawciiftin^tifte 

T^o major spectficitsci of 5LK atuni>T :fi :une Snt ano 
(U5}RNF. pre:*™ in over of the p.\v«r*$ witn SLE, rvCtis:- 
rtiie ptottrin cornpanen-s of trie snRNP pan;c!cs- ;: (Figure J) 
Aifhfiijgh these w.re rstogrtrted ciinkaiiy as, .:fnhv.:u!e-af min- 
Vwdies (ANA) for c>vcr iC yt.ir'i. !..*msr snd Stetf;: a *«rc *e tirsi 
tf. identify their reacttwr ; : iitoa;itigens a^ pfo«i:t components cf 
the «:RNP partivki. The aytosntioftdif s (firettcif apinst the Sin 
j-nttgen »e distniostit of SLE, ,itid anti-S-jt anlibodie*. :nv 
tiiunoptecipftatet'ne fivt major strtNAs U i Xs'i, W, US. and ( '6, 
and many miner ■stjRNAs SnRNA U3 is «»i precip:t«ted. Tbc 

.■sfiRNP prctain;;. v-4 the precipitation nf chd fsvs different RN-* 
toinponet'-ts by a wtgie antifcodv specificity was tbs first indtect- 
i!On that the dlfft-en; snRtfP partic.ies -.iiate i.ittnicai i,j at iea^t 
simtiar proteins. (U13RNP antiserum tecogni oriiy the U! 
spRNT. ;::,d ir recf-g-ji/cs dctcrinsnanti on thi U! -.'>jjiv.lsk pnj- 

Thf Miit sn-ain cf mice develops a SLE-!;*? .iiitoiiT.frtunsi 
disease « Itii aun> s! ttb&dies snriiiai to thr>se forindin hurrsan SLE. 

tiiey pti'cuce iiybf idffs'nas »ecrt !>ng spcciiV. SLE autoantibodies. 
A variety SLe. t-.ybridoma.i ara now ac^ilsbte, ififlading ;nnn> 
thai produce m'jnocli>()3l a : (tthodic J of Sni or <i.'tjF4.NT ; sero- 
tyv<es, ;> ,t ' :,;: Tiicsc antibodstf. fia-.e the ad^-annp of unique 
■,p<;ciiioity. avoiding she stobitms (.■!' rrs:«d <^f.:fw.!tie.< and 
pct>c:i>ft3: r-.-fonsi.i that cor-.ir;orsiv appear in s.'jiien! sen;, 

D-;tiiisd iiiiniuitobte charjesertaatisttof vsr-O'ji patient sera 
and fnoriscionai sr;;l::ers show th;t the rnesi eomwon antt-Sni 

D ancf u ptor-ifis, arid rare , : ciiv;.-v a§j»«\i tf-e fji-spacitlc A 
protei!) (Figttrt 7 1 Anti-tU HRNP «f a t tav rnatfify v,-.th tlic U 1 - 
spvrtfsi , 70 - Ha pi wcin. lass often v> ith the v 3 -kDs A. attd rareiy 
with the >2 kDa C, US-vpe-ctfic ptot'.'iits in Western blots."* ' i! 
Polys-onal arittsera gen-vixtad against a 2.V3nimo acid, proitne- 
rieh tacjuettce tic it die C tcrmitius of the n« «i a! -specific fi prcteits 
v.waftt. "«', rf.i?cgni?a the 8. N, and A proteins in irtmiuacato 
jnd define d potential Srn epitope.'- 1 * Thtt serum doaf. not reaog- 
fiiie !■;« D protein, and this, sunpf.r.s 'he '.c-iichssiiw. fromsttidies 
with iha mcstiOc!ti;i3i afttisera that Sheia are muit:pte Sm 
ep:K.pe^ ,B "*' An!f-(Uf iRN? antisera visi precipitate site 70 
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iitativeiy from eel; ftx^acrs."' StJtne Ul I'; also coptecip stated 
using the rnoA aw bodies when eel! extracts si* used, bi;t 
purified U 5 does not react to the sntfbt»c!:E5. artfi the precipitation 
of b 1 occurs ooiy if) e> tracts containing U2. This tndi:at.e> tnat 
& ftavtiuj! (about 10%) « the Ul st.RNPs mima with Ui 
confirming psevioas studies wssng aitercwtiv.- techniques 10 

H Pfolein Canoosilfon of snRMPs 
Protein Composition 

Bean biochemical isolation p;oceduse.5 isTsfnurso.-s'Ssnsty 
icchmCfue:. have allowed a detailed afuiysis of the p-ofrin coff- 
por.litots of the snRNP particle; {Tsbis 3}. With limited excep- 
tions, she iinisvkU!.if snRNP particles ^hate a cotrrooittcie of su 
low-:j«)fccuJs,'- weight snftNF pro Kins, so addition ;<> one to 
rhiee ■vfiRNP-MKcifl:: ptotemS (figure 3} Different subsets c.<f she 
snftNP pweirss remain atsefribseci wish she snR^A. appending 
•ye. she. ttnn«ene> of thf. iso'titton conditions. The «R.NP '.pecifst 
pore>fts«f« most easily reirio.--d iYens she pss-ticles and the D. K, 
F, and Q core proteins are ths most firmly associated ^jib ts-e 
mRNA. The «w,ini snRNP pro-tins art; quite basic and can be 
te-soKid on two-tiirrwnssona! geis using nonequilibrium pK 
g< adieus electfopho;e.sis in the first dimension :? (Figure S>. 

tsasraphv iten.:, isvoai laboratories have prodnc.ii fraction; of 
highly f i!ivi«! Ul, Ul and U?. and M U6 sriKNP$. , * s " w 
Except fat Slight difference;: its nwjeeiilaj weight! Uhis r?pon 
wilt «j?.e the. molecular weights of Hinterberger e: ai. !5 ' j, !h» 
results art in agreement 

The core proteins shared by U S , U2, U J < . U 5, and Go in human 
ceils are the ?9-f,DaB'. ?S-kTJa 5, 1 8-fcDa 0'. 1 6-kDa D, B-kDts 
E, !2-kOa F, and 5 ; kD;, G proteins (pigyies 3 and S). 5tf;l- 
rhioinetne analysis ba.tett »rt shs torrtcttor! of aritjrto acid tabs I- 
trts; fcr known ajr.isi'j acid composition sisgcesis that; prttieins 
exist m a panicis w^h a -.toiehionviiry of B.D',D } £?G. , ''* ! * The 
piowins -jf >tf cJiffwent -han thos* of tite oiher snKWPs. artd 
!> does not share the {jfOKs^comfiKm :o oiher s^RNPs J ^ s ' ; The 
B iiid B' proems as .v:iosetysp-«d*>i=f>U-t «tj human ceii:;,ar,d 
the e'pfO'*"" ; * ff'-ttn& nonpfirtuite riiamntsls (Figiwe 

7}." Peptide a.naty;,..i iuggcsis &' etosety related to the 8 
prcteif!. ; ' !f In SOS poiys>ciy!<««!rfe gei ctectrophortss:. the !.>' 
protein often ce-migrates wsih tt:ii D proteia; ho^evcT, if w.i is 
.-irfdtfd ;o the stparc.-ing gel. the D' proiani migrate.'; ^ :in 3 highs f 
malecuiar weight and is distifict :ros« ttsc D jwoie-rs ; ' !! ■ : " !t, A; high 
ionic strtftgth only the D, B. F.and 0 proisins tenijjn aswdjied 
with tJie sttRNA, am! they protect the $m eof.^f;^--. itqutriice 
from RNAssc digesiicti in a pattern simiiar to ;h ji Mm partides 
that a ; ;.t>f(if,i3ir> site 3 pmieift 11 Aiso. parttfies ate nsvv; f-jund 
thatcentas" the 8 proifisn. fcuittc-i the D. E. am! P pr«ei !: s Tins 
suggests that the 8 protein as.>s;nbk'i v>tSi ttie snRKP through 
contacts wit " the other snRNP panicle s antf not by 6 -set bir .ling 
lOifsKNA. Thss is consisted: wish (tit assembly Studies di^.uised. 
■vbw, which dwioffMtafc that the D, E, F. and G pa;f.etes 
sfls i ia liy aswrr.-bie i nto & 6S curt, that hinds io the sitP.N A foi lowed 



by two t;f;pies of she B pioicir. !n human cells the two 

copies of the 8 protein are replaced by am copy each of 8 and BV 
Binding o!" the itiRNP cc-te psoisifis is di;eeteii by z s^uence 
JiTOtif of F«A<lf JrrGPu . whict) is found in 3 single- sitwiJed region 
-.n -he y naSf of at! the anu-Sra ptecipttablesriRNPpstticks (with 
the «.v.vspi«in of U5,t JS -" fFigure J > This sequence is necessary 
sitcl sufficient for care protein binding. Insertion of this ssqtsence 
tnto a sin gfc -stranded region of a iietetcjiogous RNA wji direct 
asH'!"bfy of the snRNP coi^r pn'jteins ' s 

!n addition to She core proteins, each sn^NP »ss one or nr.ors 
>;niqi:e prow i'ts The unique pfe-tsir* of Ul arc clearly tstab- 
hslrcdbectitJStro! 'heabihty tOiEriiaie puts fractions of 1.! i snRMT 1 
by bfjth fcifjchemicsl ,wd itSBtufttvsffimty proecdtjres, : ' M ' t '' s 
Ttft Ul -spec (He ptottitss » ; e she Vii-kOb :antem. the t' : -kDa A. 
and the 22 -kDa C protstiti (FigJ<es 3 srid ■>}. 'iioichifimetric 
iiudies s«gg<r-it theiir. are - wo copies eacii of the A ant; C pFOtein^ 
ir. each U t ::nRNP. its addtiion tu the corfisrton tore, and th.« ths 
70-kDa prijiesr. sjioctatei wtih io;ne, ba- no! sit. Ul snRKPr'' 

Ul sriRNP." 

PtitiHcatfott of the L ! ? snRWP^ using sithsr b!oehemic3i o; 
intivimiologtcai appro ache: identity two unique prota^s, a 32- 
k D.-i n-ir.thiofli nc -poor protein 3«;.sgnatc<! A' m-da iS- kDa protein 

sera !3jW - ! " (Figure i! As sti;tci!.ised eariier, ihe U2-spsct{tc 8* 
protein is hc-mHtfgous. t(.- the f fi-i-peeifk A proteiD. SiJggestirtg 
that they may be "ne pfodncis ot a gafie-dtspjieaKon e--Ko:. :!! 

isofared US ;nRNPs inchide the. ct>rr.mcn core posy peptide s. 
a l':0-tr.>3 proieifi that disgsisdes to a W-kD-i {Mtypirpit.is, and a 
2S-KDa protein. " :,!S *6(rverat rest::!', suggsst the KJt^kDa prctetn 
:su> hind so Et.c r i?\ki site ,1; !W PhrioS-hDa piote^, recog- 
ni^ei ini-nobiii.'.ed .V spiivs site sequences, arsd binding c.-.r be 
cot:;peusivc;y inhibited by a t9-t.ucteoitde -ragmen: .spring 
the Spiice jnnstion. Also the prowin bind: nosnu; b:« nor 
mattsfit. 3'.;p:iee jnnction:,, and can be :fiina;j( <.>pr;r:vipitatsd from 
snRNPexttaeti with snii-SfFi ot atiiitfiirieshyiguarsostfia antibod- 
ies in cottipie.U'S ibsi include R.N Aase-protec-sd, 3' splice jsjnc- 
lioi-s scfjuences The prnteirt cannot be irnmuiaoprecipitaiec! by 
Us -specific antibodies, bet eoparifies with bsociierrncai fr.it:- 

i 'conuiniflj U- s>n <Nf J , "> !o<v (5 «;&}, Mg" h jh 
Mg*". »hich siabsllye most srtSNPs, disnsp;:; the srHcracfioft of 
:he ftKJ-kDs prciein v,nb the core US particle. ! " ;>s fa year.;, a 
260-KDa p-otein was ^entsiVd :H<<i binds k the US snRNP. "Rt- 
prowin is aiso found in the ATP-depetidea; U5A;4/Ubcomples 
ih.ii .ippeais durio" p;e-mi**.NA spitc.-rsg ViK prp4 gtf-e i~ 
yeast, orit-inaily iiiitnifted as afi esicmixt gene fo: pre-raRNA 
splicing, has recently been ni;rrstifieu codi-nj tot a 52-iVDa 
ptoiciit ih.ii is s coiTiponeni of the {X'Uo snRNP.'**' 

AfthOiigb ths sh.sred core of snRNP protesra re:« ami aise-ct- 
lited with the soRNas tsndct rigoratis i:;ol3tiori esnditiysis, the 
association of the other species-specific ;.t : RNP psotetns is >ef- 
sits'«.- ir; sense, sirengtb. \a Hrl.a ceil extracts tnade mO.? M N'sCi, 
tneri are no spatsfic proteins ctl-ser thars cos': protein;; isolated 
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sag the prs&en w of 8 eiaas sA 'mubaS ies thai cross-re a-.:! with thes? 
proteins v -' }1 The clons fw thfr A proww- predicts si 2S2-a»'.ino 
acid poiypeptstit chain with a n^iecuiar -weight of just c-'Cf 
.11 ,000, in ciose aaicetjiint with the nwiectdar weight e:.;isnated 
fcoti) SDS-PaGE. The A prow in shares horcwicguu:; regions 
with offi« RNA-btniisng pro:e;ns, and has 3 "Rh'P" consensus 

Clones for the U$ --.peuftc, 70-kDa protein Snve asi open 
reading frame eyeing f«- a 52 KDa pitHcm.'*" The prijiein is 
ftmretneiy byeitot-hiiic ana rich in both acidic unci basic residue.;, 
end ti unusually &)%) enriched in argimrt*. The C-tirsins! 
region of the protein is especiaiiy hyiirophiiis: ant: enriched i» 
ar?i;iine ; with chiM-srs or" three or four oigmincs follower.-- by a 
few serines Of jjliiUmic tieid residues. That repealing c inters of 
4/g:nir.esaK highly homologous mnuciec;tt:ebfr:d:n§ re jioo; of 
protamines, S:i(j show homology to ihe "RNP" consensu i se- 
ciaenr'c f'jund iftOfti-.rRNA-buKirfigfHwcins.iujigcstinjitJiSi ihe 
Orni!SHJ>.oi she 7C-KDaprt)t»l!) binds io theUi soRNA. >■'•'« :, J 
The orcein bsr.fi iJ! w-RNA in a total ceihtiar RNA 

preparation from Hel.a r.e!f«. and piot-.-et a $rr : af: regt--)n of U". 
;rom nuclcBw: dtgsstlon. ;i ingesting. 3 specific. hirffirtg. 1 '* The 
seer -oi i-.c 70-kDa pioiciii livj has a rcg-cn of homology :c ihe 
30-kIia,?uj; protein of ir>amtttaiiisi> type C rciroviraies. which is 
ah inner oapiiti pioieit! thai infracts *uh ihe v : rai RNA 

8ot!:af«!i-:etigih3n<J j».:tt!fi:cD\'A have been eiorted forth!; 
C protests ; **Tiie pso-ein contains a region of high frethifjmns 

Southern blot! suggest the gene ia present iVmijitipie copies m 
rr.amrnais, bat as a single copy in ether vertebrates. 

The U:- specific A' and B" proteins are also cltwj As 
mer^oned earlier, \H U>-specifir. if protein has extensive 
homology wii'i ;,ic Ul-jpcctrtc A. proteins ,,; ""•'■"* Aiv.ixsis 
the hi-manoDNA char- for rhr li'.'-speciise protein predicts a 
25.5-kDi p'OKi" wjih tnree strongly hydroph ik sties (h;s! srs 
expr)«fj oe s irfsc- of -he moiecnSe and foit;; iUz mn^nk 

-^.o-l/o i. in j,td t ala' 5 pj tn '<■(■ 
qwir-iiy rfsvfriup ^ntsLodtSs to snRNP>. The B" piOKSP «!:;-::■ 
contain}, a RNP consensus te<tut;;c« A". Lraiotets h jmsn cione 
for ihe {J^ speciftc. A' proteiri identifies a ieuanc-rith inc 
n-sflifiionit^-pooi p'ottirs wiih ssvera! iniemtii repcavS^ tans of 
k'ueins.'^-'* The C-tSCT.ifiai ftgton is hytin-pht-ic enri prjt«- 
■ibiiy involved in RNA binding; however, ;;k pretein a 
RNP' tCHrienias semience.' 48 -'-* 

I. Struciuft; of the shRNPs 

1. Secondary Structure? (Figure f) 

Thf. pto-ein comncist'ior; of the major snRNP p.tro.c.iss based 
or: the esieuLiier! pfotein stcJ:cjiiof!is>ry saggsit* ;h;ji ihe i-.nRNP:-; 

dens'iy in cesium clwidc ot cesium suti'aie ai appro^iniaieiy i A 
gnVem'. 10 - 1 * 1 in the U! »fiRN"P anr.; U2 snSNP-;, appfO^sfRatety 



haif ths protein ir from she ccoswved cor* protsins and ;!te 
remaif«j«r from the ;mRNT-.;$*v- ; fte pfoteins Aiihough th~ 
sn£N?s sj« onfy !0%<>r Jess RNA. the i:.ieardts»ensioos of Ose 
snRN'A:: are rufficient to ftfiow tnterutitons with many of ike 
snRNT J proteins (Figure <?). Seve-a: sfiffc.^nt approaches h»vs 
been as=ri » inveitijaie (ite strucntre of the partseies und the 
reisEto-fstiip niiht srtRN A ? and snH Nf J prgteaii, Hij-h-i csoivtion 
tl^rtron mioifwccpv, woieit! and RNa mw.s-Sinkttis;, nuEieKiJ 
dtgKStion. and paiticie asse^biv yts moated snRKA.', have ail 
provide j wifcHjwsor. ai."r,ut ths .stiucairc jf siie snRKF pariicias 
and wiis be diwu»sed befow. 

S«q!Kf!C£ inaiysis of m.RNAs predicts ihat n:-.tM hai s com- 
pie\ >,eti>frv;.ii> suuciuts uf i'tis and lyop vructiwes' :Fig:«e i), 
Althooeh :he esaci iequsrsce of ihe snRNAc diver;;!;,-, between 
diffeieni species, rfiany reatytes of i.ecorifjary- ^truettift* arc 

ssTportafice W the strocttires. Aithtsuvh earn snRN'A has a stem 
sin i«>p y.-vcitiie close w ihe ,V end, site nitiiber o\ sterrti aii'J 
loops vstis-s. US anc have iottr dim ; : nd oe-p struviurir^ 
aj-.ece, U i aas ih«t. VA has wo, ar-ft t i6 and U7 iiav« oniy one 
e.irt-:. cow srstion, the siem arse Iwsp ^tntf.tosis nearest tiic 5' 
enti t:; disignaterf .'.tsui and ioop I , «..:h ;K;. iast siem and ioop 
cios.;;,t tr. i-v y enc "!>>* SM.'.-nsiis sequence isspon;.:i;ie for t'ne 
fcindtfsg sv.ine snRNPconc {■foseifii is in a yngie-sifaiidefj tejion 
w the V hrrf ot thft SiMdius described b-.)!.;\v suggest 

scfjij<:;;c.- eiert ;t;t,;.s us iite stem- loop str ucttitesoti ti ■•; S ' enti of U ■ 
anrf on ths J oi V2 fttc e jssn tial for bmrii nj of did i icspectt vt 
■inStNP fii- prtKcins.^ " : T»oai;et?t:uive rrtcdeis have been 
wvyx^vti ior -he Lecetidary structure <:■{ the U3 and IM/Ufi 
saSNAs. Ti-e U3 =tioiie!i diffsr mostly in the dsiasb of the 
if injmols.iiiar base paimg in trse 3' ojgsor! of ihe mmc-cySe 
iniieicoiide'; 74 to 2 i4 ). 3nd the l.i^/Ufi rtmde is <h f :'er ;n aV e\te rv 
uf {w:se pairifrg i.ween the two woJecuies' «: .;i-:g iire ; c> 
Sn tas e:ee:fOn tntcfOSCOps the snUrxf 1 nanh'.ies a;a^.ar a^ 
.ipprositnaieiy 10 fi m in riism^tfir.' 5 " Ttir U5 snRN'P panic fe 
»:S«M:2sdbyhigh-rwanj!iO!seleeifOn microscopy has adiarrieie; 
cf S fiffi v,!tri < xo ximubs r .teees .tboat a ,:m wide. Tiie 5' cajj is 
iccaivrd in tr-:: main hods y the partrtrie.'* Protein sross-h.rtisins 
eon ere-,s-iink the B 3ed 0 cr;ie protdns to the E a:i« G -..ore 
proteifii. hut not to eych oih^r and the Uf sn&NP-specifk 
proteins '.:.nn cross -fink to <.-,tf.h otlter, bet not to the core pro- 
teins ,,c 115 IVi;-. suggests ihst the U i siiRNP-ipccsfic proieins and 
the core pmseins occupy different dornainr and i.i.3i the 8 and D 
pfOteirtsaie not ir.cor.satt, hut rather they boih interacr sv:t:i die 
t\ F.anJ G j. rote :!!.;. Cress -linking of the prKeins arid ine snR'x'A 
Sy UV irradiation indtcttii:; that of ihe inRNP .-.ore prc-ieins. rhs 
F ptotesn i.'. rios; ti;thti> associattttJ v,;tt! ihe sr.RNA "* 

2. Nvdessc Digestion Studt&s 

Specific protciti-snRhfA comscts in ihe inRNf' paiticies iiave 
teen investigated b> n«r i-ase disesnoa of the assembied inR NPr,. 
Besfsrarste of ifn-ofic r.t^ior.s of ;hc anRNA irfjiti di^sstion 
.'-..■figc-sts that thsy are tn ttj-hi asstviation with sfoteitt H-iv,ev e r. 
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the. rewits can vary depending on me isolation protocols >tn«i the 
digestion carnations. High cc««waiie« of Ntg~ »Whc ,he 
' isiRfi? par>ici«i arid help retain the snSNP- spec if if protein* In 
the isolated particle.; arid protect mot* snRNA from dtsesoors ,M 
irs venersi. « aapesrs thai the majority of eat h snRNA ss associ- 
ated with pro<c;n and" protected from nuclease dttjesw-is The 
shared «n« of -,nRNP pacta* (B,D'.D.£FC5 ftm* ;o the Sm 
fCfVsefliws sequence and protects regiens around it fjorti dc^ada- 
noti. 3nd the srsRfxP-wf itic prnt.eins prtaeci other regions of she 

ivticrccoecat nudtaitdige.'.iionof purifsfid HeLa U! itsRNPs 
isolated unci* ? lititshcondiiion;. frsCl-iarkosyS gradients}, vs hare 
onlv the D. E. F. arid 0 corf proteins rcmas.'i bousitj to ihc 
r.nRNAs. Show a ptoiecte'S o^cn wm nucleotides i\9 to US 
toward the end of the mctler-ids." Tins eorn-sfrfwds to the core 
b>iid:r : ^;;K identified b> usher procedures. 5 ' S>n:jl3en:5t:h:: wsk 
cfc=3>TierJ when native U I v.R N? s , eoiiisUsmg sli :nc knew ,- V 1 ■ 

it iedp>ouat >vtre ai^!vv>!-> t ^^>- y". sSi " r <x\cal 
nue'ease suggesting -hai the other >. : ) -specific, mok:!!- sre 
bound more, loosely than she cote p«n^ With iosv t -r cor.ccrs- 

yvrjieeteJ.iiontniic-coiide n9K»J eridofiiwrnoiecuie.oiidto 
tide 165. 5 ' However, st s n-iorsocior-ai antibody directed ass^nsi 
tiwr "O-ltDa Ul-syecdie protein it bound to she Ul aftRN? prior 
to extensive itiierocoecal nuclease digestion, the 5' siam-l«jp ot 
ihe U ! sot* NT 3 1> t«i.-.tam «rfif.e.suf.-r;,l"hef.2 antibody wtotect" 



;,tpcnm«iis ::uiig«>i 



,i binds to ihis s 



-tare 9s. 



Ui.Hg alternate covinous, a different pattern of RNase- 
rcs istani S'ragmer a.- are found in the U 1 snR NP When native U i 



o:h the srRN? e- 



scsfic p 



ied, a 



lueSsaiSOrR? 
80'% of the Ui snSNAispt 



iC 515 ift high Mg:"(S Stover 
ted from digestion, including the 
of depioic.ff.wt! snRNA ;how 
die.esnon of almost the eo-ire .\nRNA Ho*i«o, in icw M g <\ 
onlv the we protein bsn-itng tegioft is prwiecwd i'ro-« digestsen 
■.vsili ( w.iOf.r«:c.si nuci«aic. >f -" T T.iis syase.-.-i itiat tin- S fe.»t 
WW oU--it U 1 inR N'A tsjsssoctsfcd with Droiein j«d lhat tiie 
!ti S h ce-n; emrat w of masnesium a!» w the si raehne of the ft NT, 
inoucifij; a rt^-st T-ompatt paftsck at iii&rt rjjastii^iutji consenti-i- 
; : rj:;; that prewm Ul snRNA how d.^estton. 

Th? itrectuia o: the U2 snftNPxho^:; a sitntiar Mg* - -depend- 
em coftformaiionai U.»ag« Mi.-.rococcai nuclease digests hi 
low tilf«:entMi:wi> of rfisc.-.est-om sfew t-nly the corf: protein 
btriding »i« prowi-toi f«*n d. S e;t.on. whsk « hij{her Mg" 
!evei$, vitwalfv d-.e eni;« 3'f r:d«f the too!eoa5e.$tafiiag the 
r.o:e pfotein binding site, ts p«.;eeted. ;7 : " The lira 94 n«cleo> 
t»x t- <m the erd - * J -sdoi '? ^' ^' sti 
tiorr, As discussed beiow, this correlates *uh a^...ETtbiy stud ■ 
k:.. *mch ([*!«■ ,-str ;lte t ! :-;psf.ifw prottritis fcsrJC ts the i' et«! of 
the VI sn.KNA. 

Dtgesti;,;,;.! the U4 and UScofesaniciesssve sim.Mrrestdt'. 



5n 3ii case;,, the core prmotas p« jteetcd ft sisgte si^ndt-ti nsgio-a 
i S to 35 rifjcteytsde'i iong. iocalec toward or at tht 3' Cftfi of lite 
iaoiecwfe, except fwU2. wheie dw protecwd sejicn was located 
iowarti the center." Not surprisingly. Sf< wotccted tegion ie- 
citttivid ihe S;Tt atttigt:s>- liindifig seo,uwicf rnorj!'. if- contrSSi to the 
other sr.RNPi, U6 snRHA is totally degraded during P.NAase 
digestion of me U^./Ud sn9N? pamck, s^sgenr.^ ti •& e^poied 
on the somiee of tftts RNP. >? 

H-rL.-t U5 kn-atedby tessstmciiioridedensisycentrifugation in 
:h» presenci of high tnagtscsiuin 3«d separated ftoi(n;oMflfPio.-sJ- 
,;;e Ul by DEAE-iephatoss erttotrtatopraphy sbo*i the cor- 
<j;o:esiiy D, E. F-\ and C ; a- «!i ar. a US-5p«*;iftt, prfi-etn; 
however, the ;05!-VD3. U.V specific psote'n it iur.i itt t'-c htgh 
;;tas:i':Si--m.'^ for smktiovn resions, the 8 and B' do aoi show 
ap ot. «nir.unopfecipit:«es «i the pur-fied US. though thiiy do 
show nr. imttwoC'vjiC'K of the same preparaiioos. Naclesse 
tion of U5 isolated t,nvi<-' *.e«r r.or.dtt:ons tit; grades approxi- 
trtai-iiv S0% of the tiioiecoie. ant- only nacleotirfef. ?S to the j' 
end, which inc'.tfdt'. the S:« binding S:te, art: prtiicctcd. This is. 
Similar to i'ie digestion pattern i<reti in particles lacing the 25- 
kOa fifoteiti and si-sgests sins protein co-e-s ^«le .iddit^o:':;':! 

sna'.-"- !> - 1 

\ar a<; <if„e-. v " o* U3 iRf s> s d AA « \ tf r H 

wtttt U j -specific anti S£f a and seqtie rtt. ing of prottt ied i rstgmeon. 
indicate -hatoordcoti-ic^a lc» f >, 106 to l2S, 13-i to J6^,.wd l<iO 
102H are protected ftor:; nuclease .Jigestiti"»atid preMtntabiy aw 
fwandtc the tjj.-tpeetfie proietos. Most of the piotes-ted regions 
a« jiong the major .Mcto cnerjrt!pits;tng n-jcieotides 74 to the 3' 
endot'uV* : 

3. Protein Binding Sites on Mutant 01 snd V2 
snRNAs 

in vi w tiid ;>t * : i>» assembly oi ahe.rcd '.rRNAs has hv-ipad 
define she sequein.es aeeessa-y fo: wSM? ,:;.sernbN. Sequemss.- 
ateeiintinatets frtitn the s«RNAf.fcy8iJhcr engineering of clotted 
snUNA janei ot hy iiie-speeif:c nuclease digestion. Specific 
siqucnscs Sss degraded in botii deproteini^e- J :.r-H N As and in 
tnRr-Ppbitkies by hy*-.Rdiifition with 3 cofttplernentan- DNA 
probe and o^estion with ;ne RNA.tiNAhyfjin-i-speciftc enzyme 
RNAase if 

Site -specific matjjgenests of cloned Jfenypw U! -md U2 
mRNAscorobmcd *«h ft « aiserttoiy studies of the soRNi* 
panicles m X?ne>pui ooeyt« tiemoriStfate that tottistton of the 
cart prt.<ie:n bindiftf. (5ml site causes, a !os» of Soi ftnnstjnaprc- 
cipiustliiv.Mf ejected, btitaiaoiite teof imrrmnoprecipiiabii- 
iiv bv atiiib-KJies ag.unst the U! specific A or 7Q-kDa pio- 
ie ; n ^ js.nk t.j 0 ^ cv<rj -. s more sfjsmve competidors asssv be;w«« 
fouistM and coairol U 1 itstficfipK stiggcsii a iow level of A -tnd 
VC-ltDa protein t-htdios to she ivytant U I snRN'As Thi; suggests 
ihat mt core snRNP ptoieini stabistwr the i»'Cfa«jo«$ of A :ittd 
70 kDa '.SO the y ccuiti Strive ^iim^nopfecipXMion). b:J! are not 
absolutely required for it. ,,s The tenement for the bir-dirn; of 
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tt.t Sm core promos <D. E. P, G, and presumably B) for 
itssjihwuion of the snRNP-specifo proteins is also observed with 
U3 , -vix; re de Set ion of die Sirs tsndittg siie prevents binding of U2- 
specitle proteins, as measured by imnurfioprectpitatiGti.-'* 

Tite bifirfmg of the com prt-;eins absolute!? requires the Sm 
binding sits, but she 3' stern and loop of U 5 Cmteiecitidcs i*j re 
1 58 ; . * hie h co« i a ins a i sq uence e o nservec i n a 1 1 ii ve of she rn«joi 
Srn-rcacitve snP.NAs stsbrli^s ihc binding of she tors pvaivin 
compter to the Sm blading ve ;i - 1>s 

Binding t,f the 1Q-H3& and A proteins in me Uf snRNP 
requires ihe ihres S" stem-loop structures, especially rhe s!«j!i 
loopcloscst to tiu- ,V erai Deletion of that ioijp {nLdeotufrrs, I 8 to 
48) cause; los.d loss -:A iffttorisroprectuitabiiity tismg arat-A or 
ftrsij • /<}■ kD« ;sm ibociic.-i * hen assentbiy occurs <« i «•■<?. ami tot: 1 .! 
loss of the 70->Da protein ami greatly .sduiirti binding of the A 
prtt-ein *hen ifse mutant snRKP is as^nibk;; m Xcr.opus 
uts-'Vies."* Deletion of she usher ttvo 5' stem and loup i.tructttres 
reduces the binding, of she A jttd 70>Da protein:, so the m vivo 
system but show; little effect m she ;n ><7'<j e>:!r;:f.t T>«? differ- 
ences -nay reflect ins different assembly condition;, vivo and w 
vitro.**-* Taken together, ihe data ssi^est that the prc-*ioretr<srn 
binding r.,'t far trie 70-kDa and ;.»ot--aitiy ihc -V protein :f. looted 
on >he (mat 3' stem and loop stnictuns. fcw the other two ,":i<rm- 
soap structure:, near !;;■: y en;i ant- tar. cent snXNP piote-irs 
sabiSfta die imerar.t Ian of tf.i-so two proems with me r.) ■ snRNP. 

Deusih oti the structure of X.-'mpus U2 vert elucidated by , ; u 
wfro miiTsgercM- of £ . i. <nes \ 12 ...,.< subsequent hnecttttn 
.•mo XstiGvus eg5s.' sfi ' ,w Substitution of a 12 base seaMSf.ce 
centered around the co:K*rv-sd cor>: proton binding sequet-.ee 
motif .-jot (inly sbotssiies h':»Jin*j by the Srr: sntiyen (and pre- 
Sy(f!.-!t)jy iiifr 'rr;t;r<: CJie ptotetf. ^ompKx}, but by 3 U2-ip«cif:c 
fprobJit-ly A'} piotein .if. we!!, .'.■•iiii:-; substitution;. frce;sti;)as .rt 
thr* twu J tewmai i.tem ip.i ;ccp regions abolishes sisdlng by 
thi L ! 2-»p*etrw prowjn only/ 1 ;v,J, Thts siiggesi.s that while n the 
U5 HttRMP, the 5' stem loops ore eiicntia! for Mnotrn; m the 
siiRNP- specific prci-eins; in ;he '02 s."RNP. the U2-«rp«ifir. 
proteins bind to ?' termmai sttrrr; ■ U-ops. 

J. Coexistence of U4 ant3 US in a Sirtgfe snRNP 

Th& trfmiinopiacipjisuon of Ufi snRNPs, biit nt-r deprc- 
Kirssittf US snRN'A, which laefts 3 n-i;nethy!gi;an:j.,int. cap, hy 
aniis^raagains: the trhwrhj igyanosiw w.- ; s the frsi sugges- 
uc", U6 wa>, compiexeC. with otiifsnP-NAs. :s! !fS Trv.s.vjj^eiisd 
;in interaction betveen ijo.snd other snRNPs, but did no; rtien-ify 
which soHNP or sr-RNPs U6 was itisatacrins; with, Hejting tif 
itiR.NA &nd r.oRNPs oisiociat«i a sins-Sc S{veci-s mio distinct U« 
find Uobarrd'. ji a!»at JOT, ^hiwaotwofr.heoihef snRN'Pb.tfids 
shove*! any change evert at SOT Triirisaggested thai U-1 and U6 
arc assfjc-atcd m a co;!!)i>on particle, and ;?s,i! P'NA-RNA intsr- 
o.r:if..t-. Mther i h .sn UNA-piotem rnie-iac.io;):; were prcdom^ 
nantly ;«voiv«d in mairttaimng this eompfcs. since both r:«r 
fiiii i *e. U4/V& partic ie at)d d«proi;: ■tnttt* V:A".fo<Si ■isocratttd at 
same (smperatare Or: :,he basis of intensive sequence compk- 
meniatity between U» and UO (Fijut n S C}, a inoc!;: t « as pic;po?'rd 
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where U& ts bs<e paited to U4, cjtccpi for ihe s;em anri loop rtear 
the ?■ er.d, tJis cx:tct«e 5' enii. and about 3i nucleotides in ihe 
totenor o ! the- moiccu k.** 

Jti strr.tos.; gradieni:-. th= U4/U<jsnRNPpsrtidear!dth£ WUb 
<su?ie.<. seciitiien; fasier tnan the other snRNPs md sttRH As, fb- 
specttveiy. Also, U4/U6 also requires higher saitconrentt-stticins 
to-rhttirofi'ihe tr^tr.etb-iciuanosinr: imraonoaffitsity coiomns than 
do the fxhur j«RNPs, ! * Despite the poteni'ai fr.i sit*r«ivc base 
parting lww«a IM and it is pess-bie that oniy hnnted 
s«ifj«iiCM of U-1 ants U6 actuafSy do a-s-st pair vitb rarh otiit-t 
Psitralet! cross- ripktng of !>; ; ;ivk saRNPs, followed by RNAase 
Tt digestion and analysi;; of me frtigments ot; 'v>o-dirf.iii.'s ; onaS 
poiyacryiamlde ge is, ulr-ntfer only j.nwt! .wi-.jwnces or'U4 a»d 
U6 cross- linked t<; ttch otbsr }t--. ieautf.ccu iross- linked in 
these j tidies ate r...;c!co;ii!« 57 to 64 of U4 .wd 55 tg 5S o? U6, 
boih f«m- :: ng slnale-vianded (oops ) wihly in ;ne ceawrof shetr 
nispectjve tnolertdss. 1>re aneesiibtlity of these secuence;. to 
psoraiens siguci they asv un!.;t;ipie.^d to pro win, ait obser- 
vation supported try di^tjtion i.mJtes. f: -" ) however, other se- 
quenecs ff;.jy also be invofved in :ja> ; e-pairinj; l:et>veeri !.tj) and 
06, biii «re u.-At.e'iss'.bis! :o (he psfiratens 

Klnetn. dat.>. soi;;iist that inti;.t n-atttre i;4 is bound to U6 m the 
•ludcus, but that there may be pools of ooassociated to tn the 
Cviopttist-r't. AssenUrry ktnetici (reviewed befowl suggest thi;! U6 
bstaJs with Ut duTing the cytopiasitsic fesscrosiy of the tMsoSNP ■ 
.ir;d thai the ?.:4/i.!6 snSMP letnttts to tin nucleus Unfcound U6' 
re.maiiij tti the cytopiasnt. 

Native gels nf nocrpjt .r.itrratis hav* idefttified.ire-.- iSS 
: J<5<~,-S pferrtci^f;. and ;xS U-'-.li.VU6eonipi.;xe;: with the its ijor- 
i-y ot" the Vh tn tn--; u4/US/L ; 6 eo-.-iplex.' K! ' !: The i»;j5iii3ti{jo of 
the aisemfjiy an<: drsasii :-tbiy of the U4/IJ5 p.irxicie ;s if nfcrto wn; 
however, A ■ K is recurred fot the iwioaiton of .-, U4A!6/Uf> 
compx^, am; l; ),.y ; : iso u-gidste forrrtauor. of the m/U6 parricii 
.« wfl$. ,t "' !1 Tfi« U4,/l.!3,,lS6e(mtp;e\ was no? derecwd tnsacrose 
gtadseni analyses, and th::, ;,<jrjgc;i;, that the hssoeiatitj.-i or L:; 
wnh .-he U4/U6 panicle is «;ts:iy disr-ypied. Ottgortuelssttds 
direetert RNAsve tituvagc of ihc 5' ead of U4 bRK-iri formation 
of koih the 'J-i'Vi 3rid the !J4/U6/U5 cornpicMS, .m^f.esting titi-; 

^Thi yc-ast erjuivaient:, tif U4 (,:inR 1 4J ami f !?; fsrrl";6) ate «isc 
bastf jiuirec! in atnamicrsirtnUvrtC} ihai formarr-mattars l.M andU6, 
Prifseastng tt; 65 r 'C. or usr. of rier.antrmg electrvphoiesi.-. geis 
abniished rhis trjinptctnentary b,tse p;:inng The secfgeaceii of 
botS-i yciis- snRNA < f.nrTesprinding to rhc sites of psorafe;: c?oss- 
iin^tf5gh*tt¥ee:tlj4a(:dL , 6aje}.:ghfyhoftioftigousi«itia» yfiheif 

IS. CYTOPLASMIC ASSEMBLY AND 
NUCLEAR LOCALIZATION 

A. Transcnptlon and Association with the Is Antigen 
?. Transcription 

WUh tite ejitteptiwi of m. which is trarticribed by RNA 
poiv-tnef^e S1J, tba snKNAs are aii iranscr-.bed by RMA palyftv 

?5. IsatitS 1 
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sr-i y The i'&snRbfA ssespf eeJai th? i'ewSty aiTieth>! group ,s> 
Ne^iy aaosf nbe;! U6 ■< >f aasie-.-.i is pssocu'ci wifb the 5. a 
jBua^n, aati US cwi be wimjaupret pitatetj s. tih ar.u-Lji jmi- 
tiiJics lyf-cii of t>v>tymei,f.ie ftt traffv-npts '•' A Irm-i era 
siioniuon of La wuh Ui also ■.-ei.-rs, desptie Ul hstsc a 
confirm^ P.N A {Mjiyf--v.me )i tfi; n.-if.' AbiMt JO* oi the "J6 
<« HvLs i,o:K is itfjauifiupi'rupj-'dhle w-iiti L i .sfu^xiiov t am- 
parectoO i»iofihe ■Ji. ,tf 

2, Association with ih& La Aniig&t 

The. La atisgi"} s .-. 50-sD.i phcnprscptrieif: tha' is iwocia'trf 
with many P.XAs :ra-wcr-!>;eo by RM \ potymerj'.a HI. such a 1 ; 
nu.-iesr-f pr„-tRN'A ar.J softs, virai i\N V. The ! a 

antti'.-c 'S ^ -opmj-f-fi by ».wiit»iitnf Sf -i "o: -i lfJ ,< ^Sci ot 
°.LS rosiear. )n metM eases espec-.aby for ibe pfc<iom«art 
ff<iyrtiffji; S5f irosiwrspi" prr-Ms/-' ftau p't-bS R\'A au 'Jo 
suPNA th- :swvj.-sH«n wth ;br : r nc«,-. :s t:.«v?rn irwj 
resvocted to the precunei? forms oi th< .;■ i< \'As (mrai'." ^o'wtinjt 

f K - iif;u-miM< -iVMil^'tfif S a"a< «?r .s.. ■sfi.v.n,!} h>i 

te-iri, w t l othe; ■*v:ciei''-i' sttf^ests '."sat t; is r/;>Tp.-i ;*<i H"<<"vtMi 
svee.cetne • t/^ss i'4 at wbtch can be »f>u..f 'icryiatcJ :Mi>j»t>n 

si i'. L.j'npi'iX. of seseui pr-Mets :,, : n v of wb.cb. )■:;:■.- \e 
!oI„i<-n-i^<:yfS! A'.-t-kDjf.'vtem .■k\tv,u") ftci. >r.ti -ri 
teoi:;;e<3 for ss r Titos of SNA jvivme -•>■;<; Hi if anscnfjl;.. but 
£■£ fu«.:-;ot>s ami rattire af .he .jiher L..i i:. i,c 3t? d r^'O-i'ti', jr« 

Va RNas soggesc; itn 1" e«j nay oKn h- in^.'vt^ >.i S a 
b:R-j(i-!g iFoj icvfcw of iJse Lf. a-ii^n : is as; t ciiit.t-'i 
f.oiyttr-.-.iv transcripts, sec ;<cf.-f?ncc 1} 

Tbf abif its of Uf . 'mtr :! )nopxc;r f ti by rf~e i .? stii^-a 

by .iru-Ui, ^us poi aft- Sffi af:!.fxvj ei '" " ,!< ^hwi 'i v >'- -->t ;:>c 

UiiJeuiti.ijL^iJcof pjjed rrdiure Jf> T!i:s suj^esw !.i\u ! j 

alfi from «ie "d ( '.i! :<!<"• t.v'"o!'j , utu;i ^r: :s cofppic.e !1 

Sijrpf^inaiy, atii: ! a paus-ii ,,srii \<.-!!' ir^iDurtosreciprisc a 
{W!«f!.«"TM viRNT' i ,iltf.fu;!>m :«thcrsnRNP> 

MKiXstic t; o •. bd- ;;o<. t:: vsi-iA-ilu ;di'„ ^ h.c!i«o .<". hove 
any Li rasusNC RNP< ( : -howi'ig cr.n »)e La s?;v. dt- not 
>)j%e i'JURNT to>ststf- Biimg acK«ty. :.incc Crmwh.!,! 'i 
fihtrs *!tJi {UiiSW awiNcraj "» f>i- 5 <-cof««(ntf.s Hi car- 
pie>« vf^-nfiK ■:' ifM th- wr.c vedimf 'i-at-c-i (\vf:"cii« a', 
psrt'dc^ p 'cc.pi ^scd h>, i i ' ! % iRN'P „rs!'\ff jrsi <;us>j"i;tmi s rlui the 
i a «vn.)si:f,> ■ wi-lj Ui is '(•; fj J* fC> U ! C "r><.|««| <■; i 

ir-if-f; .a;g'-f «i a; imc '-ai aKc i yfiisin^ th" ani-cei' 1 fho le>« 
lictcfni^uf LM ii'imts I'pi"- -pi -• «i iij l < i.>'Hib>t'j.e,>i!(i5i*s; i 



ihat if ! 3 t!ff£\ iwtKld tr -A.ih I'll ;)'CC«lM-f>, lilt- rf^vx A-KJ« (> 

v«v tr,«.;.k:u t>ep;o^ii»;e'J V i fiN'A is nc-' precuitatsii t>y ifoe 
a«(5t!-.f it aqucodK C).oi.>!as-!rc t enacts, ihe La at ;i?cn is 
jisociaifi! -rsosiL *ith ihc S;)i«j-cyoptj'. f '):c pr^ursor* ofl.fi, 
w{sK")a{«uptoefi;h! ffbcfsandislotijenhaf mfewrs! C'i auhe ? 

PuHc ci^:.c .'spenmoftts :.if«-;e'.s that sha t i\soc.iaiioa of I f 
axi ta tf,<; ovicplavi-i n i«.r.yicn, because t-f-r-La doc* at" 
Wff.unoprccin-iats U: af;«r a chase ,S1 H^fvm t .f f> a!'^ 
S'j-tK • :)cif \s>ih mas-'f-i!, '<il ! t if ih" nyricvA which <.iagcsts 
thai (5.,: i o aoii^fs ns) plav a Ciffewr : r.--^ "hia !:< !M ci'.- fcr 
'tiiny pop-.w.'.f Hi :r-n"-fp f s -»h*'f it >tov.<. i ffj^sic.i: 
3xmw;, -i:of) vv.f*. ptv-cursc-f f'NAs, lw« sbSCi- 1 tft tbc f.5at«f<r4 
ior^s A ter'iv.fmi C {Up ii tf.c .■> t'.d appear 1 . t-.< be rcqi:i:cii foi 
! a Hi ■(!:»; . ai .i U> t.^s wll as ttejf. j-. *' iar:« mi, Mn\>: 



B Cytopiasmic As.s>etntji>' s.siR?4Ps 

St\:fjs ; i i ■ vc - t'tai o v;<£K:tt£»u! v< i ; ems tJemwc irate t!ij< '.he ■ 
N'P pan.cVs *,«il.lf wi ibc . vuws v.!'-. ,t :bo(^li ^.«c ) ap,.j 
nocWar asseir-.bly c.irc.oi riiiwousK "uiect f.ii; tFijure 't'! 
Aqutcust-ciinat-tiOnats ;n .cientifius icvii sy-ithKM^icisiPN' 5 . 1 ; 
m v.P.NTparsic es m us c>to ; )ii;;)i ^-thii) 3 mi a of tronscriptit'D 
of tbe snPNA 85 " 1> tw HcA.c<iv£f. nuoe&s ieaksijc ssapioaicTf 
s\ftii -!i;sfvpe.if ccS; Ujct'.onaiionf T\ ju:e > j'td 'iv.' i-oi;', •;>i.c! ;s 
hase r-.-qui.-i.-c tec h a v)v.es fht.s -ncpa^ c>';.f!a>m;c 'raafons 
ii"cnntamiaat~fj hy n jcJcj ro«;p.vi-'C"ii f^taaoi^f.uv i Vav - 
!i..tiatiof.an ;tn .-c^ jitc-no' punv li^iv^f! ae ! tr> :-tuaicissec- 
tififi c* oc;yf . nave p...i.Jec' n-jua nclf .iop ! .!Sfiiic i>act-:ns 
th. t :,jjtf.fpni ; - p-'.e f f ",.f i r -i-wlv v>mi.,- .u.-fKuR\ Ai- fth« 

iti«d^ebj !V<:v;/':.ct/vi'i<; tbf vv'iis. atW ncci\inif..!>:> fonrscn irsg 

.'i^ 1 <\ i 'i. ft-u i ,-i ^pa'c ^bv jfc'etv.opLvTtK 

aii >i .v ot UK rujof inR \ A spee -c . a;e tr/ewnlfrf iF'g. : i ; the 
v-iopS-n.; tia-iicns by Sitre; :f! ; rtttir.ipreci;v.a:fun, hyb'id seie; 
siort, ?r -i.jrtfii.m bii'j'iir:g ;5S ""Othf i-ah t ,-«•■£ infPiirioaKff.it y 
.-cio;n,:siv tmopfp "ptt.iijon « f ih ^miir (Ul)RNP jiv-.y-a, 
coiitln'f the presence o- Ui, L'l. and c-> if- s ; KNf ceit.pfo.es 
shanig iltiv!""! nani'. sv.ih : -f.itu-f- in^M 1 -yiivtlr* n. :i 
iatsetec; t jtopUsOiic ey tf^: : s 1,1 : "' "bf: vnR's & .k tiirie-gi - t-c- 
<m! pi'.t;rat\<.crjpufinai ffc-eessrig fifii in ^bc ess plas-:\ ,n- 

v sire- of b<«vf S "i>csf j» n essiov; y*s"i ?fn= the a w.'ihiy ,,,-ih- 
..as' of ihv. ifiR^P pai: cit-i v M ji f., : i- ,, ( . s . f< j f(! .},« f.jHovvn^ 



? 3' Processing tJf Larger snRNA Precursors 

Vi. U2, -i hi U- jrs .rar.scr ; h;c' aao ; r acspc-f.eti .j ths „io 
i.i-ju.(u Uj f,.<;;i"r p:et nfwi> ihrfi af< :>-<x-Cs'>\; .fi she cvtoctia >r to 
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r<xn, the mift«c«»>.cd spcei«. ;Ef -^ ,S! " ! The U2 pftcutsor. UT. 
!S 3 disc'teie species anproxirrtateiy i f nucleoside::; larger than 
mature U2 ' s (Fi&iirc 1 0) ihdse label ami chase experiments show 
Lhat U2'k irimnied Jo f( ta:urcsia within S i roin although ihej3Si 
tew nucleotides are appssrently trimmed in jjte r!uclcu$- lM -* s, ' !W 
The maturation occurs i;uytop!ast fractions, confirmm" that this 
processing occurs m the cytoplasm 1 *' 'Figure '.>} 

His processing complsx that irrs''; 'he 3' end of iJS has trees 
isolated on glycet;ji gradientj. i;f highspeed cytoplasms: super- 
na'ans.'* 1 A cloned U2 seqiisnesi itansciibed w<ih 3P6 RN-\ 
iXv!y<Tscrasegweraiir:!aU2'pf<s.'u«0f i i micieondeUor.aerthtm 
inaiure U2 t ii.it was efficiently and pnipsriy pioceswd in sr. »< 
i-f/w Mi La cytoplasmic extract. Howevti. (fit 152 pieeufioi 
degraded with sime ,n the whole cytoplasmic extract, bat she 
■ dcgfsidativc activity, a 7S corr.pte* with a gens railed swstu- 
cfciiic activity, c»n bo. ■wpiintted from the U2 processing activity 
in a glycerol gradient. UT proce^iiig teqiilor;, Mg"\ bitt not 
AT?, .ivirf take -> about 30 mi n io complete. The proees;:i og activity 
itself app«u»$ to be s precast-, lei? not iiucicase. stfi-;i«ve 15S 
eotripies wi'h *t fess; .fflms specificity >o snRNPs. sin f :s it (isws 
not process piTiRNA 

Ul shows a sumlaf 3' trimming if : the r.y;op!as;vi. However, 
ibs Us prwia-sofs are a fcettrogentou* set »f speels;: ranging xa 
size ftcm one to approximately ten nucleotides larger than 
mature U 1 . Detailed siudli::, of pulse labekd UeS,ac.el;s vio^:, a- 
"ladU«" of Ul precursors, «x«tit5'«!>s st teast eight nucleotides 

precursors 3ra processed so mat-jre-sized Us wlttiin 30 min, 
aithoegh sot.s species 3 fev. nucleotides kin set than niaiwe US 
mvjis-;>k^!tic;in^enticisus,St^ges!:nf;shat;ii'ir)nu: 3'trlrnsnmg 
may tn.ciif in the miv-ietts As noted earlier, the human Ul 
precursors itiehidc tsme.'pecies with sequences &.:>. ;iiffei !';c.rii 
shft caHonicat U- gene wqucrce, i:igj.esring that sctrtc minor 
jns«c.aenss<> U; genes aue also tf3nscHhe<!." C>fcumstar.«;al 
svnieote siigs?*- ; hat v.iriafi; 3' flanking sequences may rsgti- 
1,-siT piu-'ri:; tilodsnij to the U I presursors er affect a;sembiy tsio 
si»RN?i. The 3' fianicirtg scijuences of U! sll contsla the $\* 
binding s«i«fifiCt A<U;,G. where r, - 3 ■■ e. thoagh each ^arisstt 
k tiiffersm, 1 " !i is. fjosiifjit- ihat 'nmstem btsdittg of snRNP tcfre 
ptoteiiij io litis region 3S.'lsi» if «tc norms; sssembly of she 

U4 precutsoi-s yp to seven ni-cteoti'ies :;tng.;j th»r- mst S :rf U-t 
have also it3eniiff.-d in puise lat>e!crj HsLa ce!f cyiopSosmic 
«\ifavis, rti Like Ul ami U2, they a=c inftimed down ;c ma>o:r. 

within about 4j mm. U<) pracursofshave fiothsen iwiuirieci 
in nuclearextracts, utfiike U J and U2 pretureots, *«gge-i!ing tfsai 
U<t ?' wmming ii; wtireiy cysopfa&atic. Possible li 3 pfecui-sor, 
have ixen icieniififid in puf;e labeled cytoplasmic cniracts.'" 
f.arg«.S!7.srfi-y!O0l3Stnic pfRriirsorsoJ U5 s^iUbba.'e :w;t>:rei) 
observed Quantitative ssalysssof tha nswly symDesaeJ SftR-v'A 
in the cytoplasm hy Nonhern rybricihtiition of cywplasi 3nd 
Itafyopfiwt iractiofis »ith r.ioascS pjobes. for the Ej t . U?. 1'3. 
aat! U6 skPKAs stiggeAis is-.ey are present tr. expons-t 
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mately 2% of thr nuclcat uhunriafif.-r: with a half-life in the 
cytopiasm of apprwcimatiriy 20 mm m That is appmphsie tfj 
double the number of snSNAs e<3ch ceil jwerstisn for the 
deroamJs of cell g«v»th. 

"iix t;xtead<,*ti snhibst-on oi yrotein synthesis vtsth eveio- 
hcAjimd" mieifcj'-', -nh tfct iosuh^soc of 01 and iST. Hit 
processing of Ui or is unaffected by a iO-mm pretisatirteni 
*>sh cycloliextttiide. liowsvci, a 90-min inttibiuon »f pretein 
symiissis inhibits she prccesiiDg of 131 by over JS0% and of Ul 
ority 20%. !J • - >w lh!& difference may reflect the fats ihst she pools 
of th* U2- specific proteins substantsaf iy ies?. than Jhose she. 
U i specific puotcifi; ar4 are therefore depleted earlier . StsRNA 
frsjijcnpt-ior: is not afs'ectacl until af-sr several hours of pfotsin 

2. 5' Cap Hypzrm&ihyiation 

tit.ptr.iwim using Xtnopits oocyte;, indicate rhat th« (iniqae 
?.?,V.trinjftfr»yi«u8«osmc t.ip of !hf. snRfMs is JKiis rated is the 
cysc-piasm by adtiltions-! snethylaEsons ni ths 7-msrfiylguar.osine 
5' C3p, which was added dunng trajisr.tiphoa by RNa polym- 
erase 1! , !S Xt ncft-n CR>-.yics »dl (ran set; be and prj.peily assemoie 
.riUNi?. whft ■> soRNA ?tes arc injected into <M oocyte gertniaal 
v«;>,:cle ct assemble wiRNPf. with snft-NAs thai are injected 
directly into tiie :;ce>-te cyiopia.^H. This systerr- has tiie arfrfed 
advantage iha* the oocyte iytopi«-vft; con be maftuaiiy tt moved t;j 
avoid pfcbsemsofmirjfras i^ifkstsie duriitgcelt fracaostatsOf'!. 1 '" 
and has been <js«d to §rait advantajit for studyin? : snRN? 
asserfsbly and it«:raee!lu!ar traaspon. 

The injection of altered '02 jenss htio ihe <K)eyie nut-euH 
i ;td c ate iha; uostream sequences ere sot reoitired for U2 snRN? 
cap hypfirmsshyteiion. Aiihotijjh tieietioti "of :he DS£ or PSB 
abcli.;r:«ior.'ii. ; b-;i3ni.'ai!>' reduced ihe level jof r.nRMA iransctip- 
tion, ihose snfirM? thoi wen- ttansccibed moved into ilte cytc- 
pis:m and devsicpeci ; i typicai 2,2 : ' trtnwihy!«uancii!ne cap. 11 
Deletion of Ul or I ! 2 codirg wpiences, however, affecied tiw 

lion or jutiljtiOii oi the ccif icnsos v^uence blo^^cd the 
asmnbiy of tl s mutsiit soRN As wiih ihe common' a«RNP core, 
and the tesulisnt snSNAs vete fiot hypcni-iethyiated. Direct 
anaiysis of ths m want snRNAs :fidiccted ihat thsy retainid ihe 7- 
mwhylg«anosifie typical o: F'MA polynieia.w. i! tratiiCfipts, 5 * 
Ueictions near the 3' end of U2, which aboliiiwd binding of she 
U2-$seciftC proteir::; A' and 8". but not binding of titeSrn antigen 
(the cori eompie :< >. had no effect cut cap j;irt wiliy !;>• ion. Sstsentcst 
of a Srri-bitiding ine consensus, sequence, AAUUU'JUOC, into 
iwo different iooations in the mutant U2 gene facing she wild- 
type Sm bmdirig sue resuiteti in both hnrouiioptecip.'tabiSUy of 
the RhfA wiih Sm snti-rcr» af-d fl/i/Mfiiw.Shyigtiisncsine aniibod- 
tes. indlcstmg that irrnieshyhtion of ths cap had occorsed. Th- 
cftV.'kncy of :he cap irifncih.ianon was iiidependem of the 
sfisenioo point of ths Sm bifiding sec-uence into the; mutant U2 
gene, aliiioujsh srnmanoprecipsiation Sm aa-tstra was pst- 
■ hilly dcpendeni on the liXitioft of :nse«ion. ; ' 

Like U?,cap trimethyiation it. Ui is deoendeni on binding of 
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the Srt) fjjc'ftins, stmie deleiioaof the Sni btr^tng site C3useii loss 
of imtr.urtosjrectpltsbiliiy with tfjw-iriroethy igijanoiir.e antibod- 
ies. In coi-ira&t, deletions of the three 5' stem-loop region ; arid 
the 3'ssem atal loop had no effect an iriirtetltyiition of the S' cat., 
indicating the important rote of she Sra tore pfotcsH <rt this 
process." 8 

Injection of an anjfiu-ai 7 fOfithyU'uar.osifitt-cspped RNa. 
produced by cloning of an SM binding sequence into a Commer- 
cial fioinng vr;Ct«. t!l!» siUlfr wfifjiC Or 05V.ii.ic:j!ed XfWfJUJ 

oor.ytc cy toplnsm, .* hrtwt'S both forateiion of a irtrnethy-guartos - 
ine cap and asroehrio-! of the Sm-teisnvf core proteins sftet 36 
h o! incubation in the oocyte, but not i mm afser ifikciion.- 5 This 
shows that cap mrrsetSiyiaOfin is dependent only on ihe pretence 
of tlis im binding si ;e and binding of the Sits core proteins (since 
the remainder ») the RNA. except for the Sm binding site, is 
toistly unrelated to IJ2}, and tip tnisieuhyhiuori :s a s ytopias,- 
mit, pu«:iss, since it occur;, as equal leasts In both comtu! and 
enucleated oocs -o. Fari-vrnrtoie, the pwesi takes at least < kw 
minutes, since the Ri-i Ax cou:d not bs .rrtrfiunoprecipt'i-ed with 

"Phe exact tele of the Str: core ptoieipy .a t jp -•nfieihybitlor: is 
uaJmewn. Became the \)i hss .1 n-irnethyhjuanoK.r.e cap, but is 
no; imiTiijrtocreeipitasie by Sm antibodies the core srtRN? 
pro-tins arc no; absolutely ssvemial tor csa rrimethyiation. 
However, the U3 SttRNP proteins nicy ha\e analogous functions. 
Whet-xr -j ic fir rtnre of the snSN? protein i- is {■■» aerua! :ri- 
methyie-is.Of sf tbc proieins merely serve as a recceaiiion sits rV 
t-ie irimefhylMe is iinyncwn Th* ij-.ruethyiguaiirjHnt tap does 
distinguish :h* mar-jre soiSN As from The pre-mRN As ami neviy 
>; rat -scribed ifsRNAs :n the nucleus a ; td snatwe n SNA in the 
cytoolasm. it has been suggested that ihts might bat's prevent the 
sr.SNPi if: the cytoplar.ri! from beine. rtt-'JsiniKtt; by ihe -rsnsia- 
t:o: ai niitlsirery, and lite it. aim: ifsSNTs if! She nucleus fitjin 
.iMfiag rectjgmied by ihe transport v/i-nrx (tin- export bofft pit- 
niRMA and r.iwiy •.rs.f.,eribcii srtRbiAi. hnu me cya.-:si3itn 

5. Cytoplasmic Assembly of ffte snRNP Cars 
Proteins 

Bxperj:»eni4 tn scvesai d;;Tercfisyi!ei:is cSe:r.ofi$r(ste that the 
snRKFtors pfnwins are s-crsci m ih-i cytoplasm in large peals of 
panial'vasst-inblftiftNA-frf'* ifiwm>s(fis:esavail3b;t:for.'tssetn- 
b!y «fsrh rsewly trSj-^cttbed snRNA. Ev<sckcj f rx>f ft a wheat germ 

ti'ir-rf tranainiioa syste.(ri Ss-ggest.s thai the. major snRNP pno- 
it-ins (A, B.C. 0,£. F, ansJG'iBreescb iratiiSatedfranv.atiivictia! 
pof « A t mftN As Sucrose grEd;eat fractionation and s-Attquent 
!rRit«jnppree!pi£.si:on of shr ir,»^tS,stwn prcdt.t is wtt^i aa'i-Sm 
sera <HiW fhe majority of irarstetson prodoets se .Itmentifig at 
dbnut 25, white a Jft;.si: tractson of a-ssesiiblea corapi-se.". ufd\ - 
fiiettt at 7S and US, ;;td:t..».:i;-.g -frit sores assen-ibiy occurred in 

Kinetic studies jf fn«mmaiia» cslii have character; rsi! -tiv. 
eta! RNA-fn:-; assembly tttierrt-etliates o; the snRN? core pro- 



5ems.' w . ,< ' .Gedinicatfltion analyiis of pulse -isbeied Cytoplasmic 
fractions Foliowerf by ii«rrii;;K;preeiptta-o:i with atiti-Siri sera 
irfemtfied ihe D, E. F. a;rf G pfCKCiris in a SS RNA-frec par- 
u>..-t' v>,i! iFigitiC I !) Stoicittot-ieirit jttt^ly.si.t tjjiti;! on isotopic 
iabelitig wish sperific atrtiiw acid'; corrected fat svaiiabfe se 
fjijesice data anri qusnthatsvc staining stigger.tf. this is ae.tii.iffy a 
panicle of D..EFG. Tbs D' protein was also found at 2';S ants :he 
8 pre -Kin was tn heitroge-jeous structures ftom 4S to 20S Mt,JSI 
(Figure i ! t ir- a pulse ans chase cspcritTtcf;; ;he 2i)S D' protein 
is shorter i.vcr. (hen the 63 D,SF-G particle. 1 * 1 * Sev«njj'rc.' :! ij» 
NiiJge-ii thai these s>r ^NA-ffsestr^crufen ant- that ihe H prott-tt! 
is in structures that sre trwiepends nt or at best loosely Sjsoristed 
w '* tt ti!'i.(t«i - it -fd it- "> pt , <- t< ""S f5 tfiist v 

Aiicrrtt-ied snRNP s-artieks sediment .v. 12 to !6S snd tr> the 
p-.:!-.e-iBln'!ed rytoplasnik isons there are no D, E. F, G 
prtftcias .-.etjim eating in ti-is fusion <Fi;'.ute 3 i ). Ho'v«\«f . sftet i 
chase, '.hey do appear itt this ;egic-o. which is tfidtcv.t. e of jtiRN? 
assembly Aisc. if eei-s :;re p,-etre.it<rd with actiiiOtriycin Die 
dspktt tr.e vyiopiawo of snRN As and halt saRNP siserstbiy, the 
secfifnensatioii flii.-rifcuiso-" of she ptflie-'abclefj v&.W eyre 
prot-Dir.£ 15 unaffected, s-.tg.»f:st in; ihat thsyara 5riR!'?A-'ree. ::i If 
ihe cytopist.mic ex:tac;s are trnmunoprscipiusted with she 7 IS 
ar-;i-Sm sera, 1 * 5 the D.EFC parti.je is prectuitatcd at 6S and the 
B. but not 0'. psotcirt is precip:tflK<i sj X>$. This csiggests that the 
M.-^-jiojes corisaintfig E an-.i D a: fiS -.^.d 8 m-.i 0' .=t 20S h M vc 
titfiCrent epsscpes and thar they «re te. tmitpenden; or at best 
•Inovciv a-isrK-iaied sfntct-.^ that £.an~«l stan-i th« ri S or of im- 
■.wtr-o^apUatfon.'- 

t'u-ie and chsst Ksneti-v t:xper«t)t»« have also h<;!ped define 
tf.e -issembiy o*k> of the st'RNT- cote oixne-.as fit a pulse 1 iW, 

■n:c a ; ,J n.attiie iweiear s.»RNP yu^its Ufore iht D ;D,D T C 
ptoteit-s ! " iSS fFix!.a's 50). Ar:aiys.:sof tlw asseinbh-'tieyioplyititie 
panicles focuseJ oft 1:1 snRNPs lining a ;Uf )RNP sndserr:, so 
that CQ^iihrtun-inj;, but units sembkti 8 pro-* in In ihe 12-16S 
regiorts that ifnmttijopfecjpitate wjth Sm attusera, would t;ot 
mitrfcre wit" the analysis. The C3ia suggest tfcs orOttr of .useni- 
biy t;; the D^D/FC- panics, folkwed by ihe B prctein. Stoi- 
chicmetftc atisiysij ;u^ges;s tha; two copies of the 8 protein add 
in rotters' cells eerf in homar: '.ethi one' copy each of f.i and H'' 7 
{Figure As ctrtiK'-sscd «;-rhar, the S protein 030 Ke stopped 
fir.'!! the srsRN'P nni'ci harst- efti-.ditioii-i. ie.tvmg the r/.O.SFf 1 
care as.* or: Sated w-.th the. snRNA, wrucr. & consisren- v.-sih the. 
independent orleuvi of these prote.ir; ecmpfexes. 1 ' 

Qu.mtitoitve analysis "as indicated that [he iiRi-JPewe pro- 
teins tntsfiiie dtntei are stored itt large jXiC-i: m the Cytopiasi'i. "t he 
fi!'.: h'.tiica-ion of ihe large pooh; wj< .)bi3:nt(l in Xfr.u^s 
Ojfytes. Ouantliative jinmuriobkuttft,- suggested the amount of 
the snfsNF B protein if; tlx: oocyte cytoplasm -waseqanaient itt 
the amour.; :r? 4CO0 -rorrtati-" ceil nuclei : t' ^-"" 'Hte prctem ;tored 
svas 3 oS pamck of IXSFG and fi protein. 1 -" Tr-.ts was a^atl.ibie 
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surface of tht-decoBdeaswig chromosomes of (he sSsughi&f nuclei 
(Figure UES.Waen <}■•< envelope brcsiH Gown. thrtstab-M atickar 
ifiRNPs distribute throughout the cytoplasm, v,<h;i only a ssnaii 
fraction retnalrung associated wish the. sari ace oi die ctworrso- 
somss."*-' 11 :,) The puastaie distribution of Jh« partir-let oh- 
strved in the :«wrp!iase juiciftis ss lost, and the particles appear 
ymfwiriiy distrihmf d fhroiigfwyi the cytr.p!as>vt. B < ,B * The snKNP 
pantc'esrs(aii><a«f fttiiTftsiafiiijiftftfcay anrfprot? in composition 
daring tins lirrie as determined by tminL-noptecapiiatior- and 

atiiiscra ---^Ths 70-kDa p;oieiii aistxiiiied. wiih she U ! snKNP 
and though; !0 bind to ihe r,t.ictear matrb. -.a mstrpiiiic colls 
reaiains^5sot:i3:e<S^!ih th* dispersed Ul snRNVv darins. ww- 

pwte.es up to "ft : - «rfs .d* t<-er IOCS Jwlcc.ce evivtav^ of 
ft!? saph.iSf c-i-ili. whh rytosteieraiiy stabliiJ.irif buffers siigjess.s 
thai approximate^ -Of* of the particle.: are solubie ir- the c ytw- 
plasm, f-.ji sh.-st the re m;sine:cf src associated with Satss •.r.s.oii.bfe 

The sr-RNF particles begin rc!urr.:tsg it; She dawsJiter nuclei 
•.amte^iateiy .ifte> :he thtonia'sa begins dscondensing trr tclo- 
,>i se „tsd "a ojtt<> 'fii|'« v <*j. (j'J^ vr 
tiiKic! Ju'ifiiftrvly.Gi (l ; !guie i'i). The rapttijty ™«h v>n;eh the 
particles Uss.:rt clustering if! the 1 tegsw- cf dei-oiulens r>« r-Morria- 

JJ,^ -'tie f .I't- ' si/fo iri L 'MliJ" Mv'.t if 1 
St; yc uansponeti -brtjugh trie nuclear poro.. to enter the dai:«:fts-i 
auc ifci.-'-'"" However. ;.ot'ie stiiiNl > p..vrt;-..:e •. rcrs.iai.-i In the cyto- 
plasm i.:ftfii ifrs nucleus ! * ^"^J? «sscRibso*i, a;»J It t^iikeiy 

If- an ei'for: ic 3n3ly;;;: she return of ihe tviaittr-: pa-tirJes t:j the 
nuclei following the completion of "»tt&jis, 2>eve 3nd Sfit?.ky s: 
investigated a variety of rneuiboJsc inhibitors for stetir ability to 
vnSfrt'fre w;:h ihsf mftve.-Tieni. None of She «ei;-efiatac;enzt;S 
fescrnts th.:: disrupt try- i vi-^Keletor- or ifihtbic cfllu'a; mtjsho- 
Sl:.t» btcic k«(J ths» iTi^^crs^'nt. Only the ex.p:).v.ire of ciiii >o 
hyps ,-tof 'V fntviiiim inhibitf^itht return oi t-K .•.tsRNPpinictes i-3 
(iw'<1i:ig;iter :usf,ki, Wj)«i ceiii =n aaapirase or iftftiphaw wfrf- 
axp-i'is.'j t-.> hypsriO:iic fiieAs-m. the further mo^eawn; &f lite 
chromuiOfi'iri 3n<J tfs'r atuvlry oi the i kavage furrow wste 
inhibited. Hswevsr. >be ceils ilatwtstrj uw as if reiyrr.ittg to 
inierph.«st trhiomaisrt lernaineil condensed arirf ih'; swbie 
snP.NP particles remain;:!; Osspisr^'J thK-i-ghoi-i tht cyiopLntri 
i Figure ! '?}. This $u£.f;-ir : ;;; thai sfi« reiuni cf !«\ - partkie^ >o vhu 
i-aighterr.uciei is ihetesuitof tflff«>Uin st- •S!e ! .yuv.t:.>f.i : n-oupie;.! 
*«ih s;>ec:f!c biiidftig; sires in the- chromaiiti sad ai trtc nuciesr 
■wrcs ir ' Asriiw.ijSf.frSeariier.hypenonir; mcdiurtiafso bftski the 
fnovemtni i)f the ne^lv synthifsived :.uRNP panicSes into tite 
<trpf--'vc flot'tj*" 'f-^'t ^ 1 tin-C") i -)! w n -je 
:->ypo!i(esi-i Oiat (be rrriusn of ibe nci*>y sy,-.:heti«d sr.RNP 
fjartw.fef. tl'i -"!r:g iiwerphais an;; ^be mature sSabic patlicici a: ibe 
compietfon of smtosis occur by suniiar K«d>8n»w«s. 



Ssa urchin eggs exhibi: As oafy tecor-Jfil siw^;io!i where 
asserr.Mejj snRN'P patuciss ieoiait; its tbc cytoplasm. 8 * in shu 
hytincfi^iiofs of U i anusetsse RWA ?o ihin sections of sea urchin 
oocytes, eg^s, and embryre: fo-jnd mos>, but not ail. ot tiw UJ 
soRN'Air.thenacteasdortftgoogsnssis However. after geimiaai 
vesicie iimjik-tiown, :hf. ir!3tsm3j snRNA remained in the cyto- 
pte» ;-.n<i stayed thsre thtctsgtiout ibe eariy stages as devtiiop- 
■rent. N'jw <nRKP {■■»rttc!c; wore as^mfcisri from I: i tunstribftl 
fsofi gene-; in tstf. embryft aarf dispiavKd a norraat raaturaticn 
eyrie, wailf nf a-siemai w.SNf 1 * -orr;ai>ied ii"; ;be cyiot»!35fn. 
'•"his 5at;i-ss!S that rnatcma: snRNrs ars .slieri;.:} in some way 
sothaitireii aticicsr !<xai:7at!fjnf.igriai iS'-ie aroyed and that only 
newly syrKbi-sir.t-d snP NT pan-iitts. jvx-.im«:ate. io iae rmbiyonic 
nucie> P.orjtti) .-'ow U^>i^ ,af the* <^">e rf tht t t 
inRN'Ps ia thf: r.yWpiAWii nf the a it; we? and eariy trrsbryos v-erc 
base paired -.vith poiy A-t SNA i« f 1 ;^ 1 . vicptait;).-"* ;r;>iv«jnopr«- 
csptijiior; mo iiybridijstiovt sa.ifvsr. of dys pciy RNA 

Single f.(.-py D sstjuences inter spersed with repetsrive se- 

Hi. FUNCTIONS of snRNPs 

In >he oeif au-.bvjr,, the snRNPs fiinction its she processing of 
n~,v;y fr^srriheti SNA. The major -iiiRN?;; participate ia the 
ts-poval of inirc-i-s from prf:i!-.eM«fig« RNA r;v RNA spbcmg 
t'.' I . US . JfU6. and US). the j'c aci prr.ee tst ig r<f noaatieny iatctJ 
(U75 and adei^iattM (liii; pre-rnKNAs snfi prvribr . s c-t«at I;NA 
proce^i-sg (5J3, US) in ihe n-aefeokis fbc wlis of the sof< : NPs ia 
lbu«- ft, act:o;.s »ir- re vie.» srf tie sow 

A. Pre-mRNA Splicing -.n Jbe Nuclecpiatsm 

The bsvic feaia™ of ^RiNT-n^L-ed pfe-rnPKA -iiiuxig 
have been reviewed e«easivs!y i;t lecent itW!i(ti!e.*~ !Ji ™' ,JK 
This is ■■we of tt-tee types of P.N A -sphi-r"" ihe.; are nr;w dc- 
scj-itJi-d Alf ihe sprang rea'.-tions invoivs a ;wo-stsp reacHtirt 
with an iniiiai clea>i!ge at tfcs 5' spiict; site followed by aciea\-ag« 
a: ihi y site when: bot'i c!eavae,e 'eachwis are transesteiij'xas'on 
rcaet-ons A-ifh the ticav3ge a: or.e ciie coupisd to a iij.at^oa ;n 

atRNA ^n!:ci^g ia the rs«tfet;«. <.\ ti"t(i:re be<"it-:se ot jbe rorjijirr.- 
■writ to: stiRN'Ps in die splicing re.acttun fiowever, 3 reaction 
sbat :s strmbr trt aiatiy details occur- ir. organe'ici w:tSioi:r the 
panictpiitioaof snRNP:;.3aJ ttr-\ saggr-Sts ntat in v;«;<. ;f:r rtream- 
,-itafK;« 3 (he ii:nt!tcas provided by the snRNPs :i> die awe catt 

Su&StKs-e :t$ei:". :j * It; the foJisiwitig review we :«!.»% m< tht- roles 
of tfi« saRNPs in the ^^embiy 3«d funetsun of tite j,|}lic:psi 
!:t«npis* if the cell nu^leu--, the spiice«K,!«e. whift: idCiucfes U ! . 
U2.U4/US. anci US snRNPs. 

J. Substrate Qequirznistii!, tot in Vtlro $pKc'<ng 

The. anatysis y; pre rrtRNA spitting has fihetf heaviiy on & 
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!'('/>■;; syrens thai .'ujliee as: added .vjusoait.""*"-'' 1 

Typically, tha substrate used jn an i.'f v:>c> splicing reaction 
contain 1 ; s truncated, cloned, pre-mRr }A. iranicr ipi, .vjcfi ai a p- 

:,tnpi:. «;fe aist) used si spiidns; substrates When the sp!ie- 
substrates -ate tRC-joated :tt 3 nuctear extract insrmaity from 



*fo> i» ilK t* 



■: Ms* 



s. and 



A TP. the -sub^iriste prctpcsiengc' RNA is spliced acoarately. 
Thi- •-rjin.-irs^ reaction m mammalian test extracts cr:t* be 

•i 5 t»)n ;« the ;;: v.'.'; o t eacnon, the sp-hetoi- intermediates appes" 
jiimJ spliced tfiftN A acc.um«kc&s with ■f.iie.a.i kinetks for tfs* nexi 
2 u; i ?i.- w ' :i> aTF is required tot :.orne event;, tktrinc the ininat 
isg pi-Md when the stihesns apparatus*. the s»!:ccosome. :s 
assembling. * 1J; - 5 The :te\f siatyr in spiirifsc' :esu1ii. t hav; : >:e t.>f 
the precursor RNA si t:w .T spike sat arid Use Station oi" tire 5' 

branch pom;, bv a 5' to 2' linkage :•: form a structure describd;! as 
a lariat. This resiths in the ciia*a«« of :1k stttattstc into two 
pieces, fitt 5'«KW and a RNA cooutt.-iing the vaiUe initon and the 
3' e-<oi-i. :: '* w ' <:il Finaliy, the 3' sphee ska is ;:!ea ved 3ntJ tiga;<;c to 
the S' splice site t»f the first exait arte! the intact irctrcw, in a 
branched configuration, ;«id :.oiiced exerts accumulate the 
pre*, ious. intermediates decline in quantity. Typically, in an in 



The lariat strycicre of tin cacti td mt'On, '^;h the 5' fiucieottee 
of the intrort linked SO an sdenosine res:f! ;e nesrth* ,V end vi'ihc 
initori &y a 5' so 2' iinkagi, b characteristic til' the- type ?i sphr.ftn; 
rcsction. it siso 3ppi-.ats :•■ the : -spik'ntg s,;trt..!)': ;"ooac: In 
<>rgansiSs';.- :; * This ciiaiuai itpjtture was :fiit:;jiiy :(J«:;iiified 
because it migrates abrnsmi^iiy iit-* on etkcirepitof gij;., it. 
blocks reverse ttvsn^tnpiion in primer eMcnsiuu est^nmenis ,it 
the satTi-i 5i:» near tha V end oj the timtm. ajid is lesifttafn. a; ih»i 
site io dilation by RM.Aase f>i Analyiis with site -spssiHc 
RN'AsjC H cfeavage tirting t.y:"ihettr. oJigoitti!-.feot!ffe& cc-ir.pic- 
mtint s.ry to regiotia ir; tfte intrcn iod icutc J tJ>st an adenitis near the 
'V cm! of the !Fvr»);i had a 2' to *' branch *tth tt>e 5' «;td of ths 
ir.;rf;!t. /x '- !>5 - >s Hxclsed inttens have Bircf! identified v;v.-> in 
both ;i fincar .wrf s !r s nat cojifigursiioa. iuggeafing tiiai a (iibtai) 



^bi:u> activity i'i j.irc.scnr in rht r.uctei;s ? " - 51 * 

Three seqiisncss play visa: rcies in splicing: the 5" ipJics 
junction (the ssmtcofisetved con$ct>su$ ssqocrica is 
AG-GUAAGU. wiiii she G1J esiersiistUy ittvariam); the 3" spites 
■ junction (consensus sequence is CaG:G, v-'i-h an irt\ ariant AG); 
atsd thv braticit pomt ttcut the 3' <; t-ti of the ;nuon" (Figure 1 5). 
T'h:: t:;ani:h [.iftin; in ht:<h«; venefcrat¥i sVtftns w'\ a weak 
ecfssensiis of?'; H?yPu( A) Py , wsh Py rs prsser;tirig ti pyri nurfine. 
Pu a purine, and N Jny ftucleotide, and the t'A) oeitig ibe actual 
Site of the 2' to 5' pr>o&phOdi«s.:tr bonti fcsrftina tbs brspch. while 
in yeas? the branch point seqitiince is an absointftly conserved 
sequence cf UACUAi AJC, «' : ih the branch pottit attbe (A j. The 
branch point usually occurs atw.it 30 nwdecudts upsttca-n from 
tits S" sphec sita. and vntrons app«ar to fee a minimum of 60 
nusicoiides in Icngiit ;N In mart-n-ials there is an sj.sen:tisi polypy • 



■ascntta! swjoence tnotifs i: 



4 Mctan 



in be. 



up to several kntibjsii it; iengtti. ivinle e.\atii tetid w be no mote 
lhan several hundred nucleotides I'-aiit. Esiiniaies i!ii{:'e>> there 
art ;ipprr»:iir:;i:eiy ti*.r : introas per itverae.e pre-mRNA,of which 

of'U; and i}2 per infton of about 5:1. 

High :eso-!ftio:-i negative ri.iin hs.s visosnzed trie splicing 
con-tplex.the splice osome. both tt; Miiierssireads «f i fan -tenpti t jr. 
cc^npicKt:, 1 ! sod o> spiiceosoiitej isoiateti ftont sueroie gradi- 

pa^i: Irnm Dfosjpmia cnromoscraeS; s iO nm patttcii; isscrts- 
iff-niiiiy sce:i at ; he 5' jplict- wit even hefo:e rf;c 3' tite : s 
syrstficifjtecS When the splice si;e. is :?anscnf>ed >■ n.'.scicirites 
witli a 25 iini p.ifticte, and the V and .V sites quickly ccsiesr.e to 
Jonn a 40- mn pattivie ui tin imon h looped ™t. 5!> Spfk-eosotnes 
isolated irr-ir. i-nattntialisn. ir. viae spu.uijj e*tvar.t.'. appear as 
pa: iiclei 40 to6 r J :r. diamete;' ^hii Severs; sahumts that may 
tx the. indi vidua; snRNPs. SpiieeosortK-. in ysasteeli extract:; art 
sisrtsisr tt> those its trsarjurtafwR. aitbwgh they appear to be 
scrriewbat smatier. !>> 

S. Spiiceasome Assawbiy snd Composition 

t.v :n before the discovery (>t pre-mRNA spiicitig, the loesi- 
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vat on of $nRNf p«t>c!« in isoift'dd hfiRNP iractior.? r,no nr> 
sgil-iy id rr-i.vijrik snf?N 10 onRN A w.th psor^ei suggested 
that siRNAs ««>c involved trs >he maturation of ste- 
in 1 ?. N'A VVi ff, (hcdc-ovcfs of sp sen*, vi'fi! lines 
of < v i.Jt,ice ! ■ i ;af ! y s u& e .« - ( h a . the sn R hfPt- p ! ,» yed « ^ ; a ; ( oie 
-) iphcitiij Aiicf (he vonseof.a sc«j!je(,^; at y „f,fice *„•»<: 
uki uf.ci v<rcue,ve ci' (pfe.nev.Jii > b*;w-i >egi<vs.\ r,f is fV 
5' end t-f iae US snRN'A and ;t*e oocs»e«so5, i^uaence were 
njicKi < ttot':'J i'lo 1 a ft)le fv>> t'i mR^A ff pre-uRN'A v! c-t-s 
u proposed/'"- v Agt» d a ongit,«S mottek for the. wS.c.fg 
reaction vcre «-f.ore;i other t!,iU dsa.rsfje. } heici^ 1 1. iftrjiit-d a 
1 toi; toi Ul viW »i H-oosti tu-<f, of sac 5 mis •} , ouv.it 
RivL\ P.NA tJ .e p3ifinc Afso, mif .if an:;'; v.". of thfi of c."f; 
reactions »n Vr«y>\.f oocytes nd.t&tt.d shit 5m jRti$cr.s dsrecisd 
j^ams; to~mofl co^s of J tRNP p r otf fss inhibited ths sp!s< ■ 
'fig r.-;..r.lion, su»g;.stmc, th; snRNf- particles p!i:>«i a vr-it rote 

rshsrntc wVM'.', .0 The n£ >*■' ''^ ir^y^ 

A.r>.il>"-! = of ,-?i.ctns; ' 01$ b<. <tMtnri--«a!i<<ji m ch eroS 
jjUd :■«!> Of clcci'cphv Cif- n nom*- .tattling «>mr gc!j> 

muktt. • rporetV '.i<jnp!ex >«f jboi. - 403 it: ve>»> • '? toc'V 
n > i <in^>x tc Th « < uiij >ui 1 • | ( 

iw-wij?or PNA ift fi.-e -K ihc MiRNP ?;.! 

Hi if"*- "* *^- ! ' " <M '.Fgu«, 5> insoftiSittiJie? ;hcc.;r"p ■■■ti* 

i.' "if a>ijc-rpisr>r of rsiiu'iir pHii«iPS, ar.ti -fits ofwr re^«^'^ i;; !.• ! 
f;or- 1 "is s.pii'-"!g cof jpse* ar^U' 3cdut.cs. rise ihs ^tpiplsx 

?^! T :p3je<j iv>th j,- ins 3 pd ((nuro!s' ;i ;r,,ceoioftKj 
h.:ve • pi.- tifiii ^jy atsimiv •:*5fC'ni.i!C{"-Aphv t:t<~\at 
yobsjuK, v4 'htiMi ; o ur. jiii j!i fi\c of > f •; mi'Jop'j.yr.t; 

ii ckk si«s sn r-t *s«!^biy of n<sr.mat $pin.0M?w 

<p ! i<"jnj rvrtnn , - w >f>OT^iJntt-' , nofa ^!"-:t-R:i'A so 

sp;v j;jg?xrr 1 \ i MS cor'-pk\ t --ns j:rr -lis jnwc^iate^. Th'- 

<jfi\ii; oj'r.ph-< >hi -r.« p<ese:veo:'ihe U 1 '.«RNr a;^' R^A 
bc.ti n-, prt<-e,n\ if.iecii >; ;ttt hr.SKP pwn.;;-,''^^ <f\jre 
Xt K'"»i->?i when compk-t« s',' ttctwO «'si!) ''om'il w 
rediu « ftc't'We fic A?soiT«on Wom .:r>,: w,s. *a T. i ;pS.NT ,3 
1 f (of ■ tfre cor r'cx jn<S rubies ;,i.;;n!ly fisie* s " nt**> jci3sa<-- 
i»j w 'i at <j on p.-s jisftu 111 1 5 jisvoct-wi m occur; "i;r<e 
tsuceU Afsc; aiWitio io?mm atiPNAiortitSjjluj.s^cdi n-Saic' 
ffjtfii- a f^eak ^>i n v I mjn, ^'id die formation of tbii cctnp.ex 
.v :ni;b.K'(J by Vi"? L ' f R^>'rt^,s 1'J d',;?j«on of oamj/'i* 
show a * 5-rii.o'f ot:rfe prwecr-rf rector) cncci fd'.Mi-j! the N ' 
spltcc jt.n;»on J4 ° \ li'Msgs) ho 5 Tttcc rte ^ rs.i- rrd for 
apttf 3Sl *«oc:6!i»33*5t \ I : , s iHinfftvidtnoL-!)- 1 f >>ic \t { ^nRNP<- 



the sji?<ir.iwos ot'tei stiRNf'i w to-ttau) rcrsps«»iWc fur ■swb!- 
iiiing he UJ b-rdt"s *' sf the wRN'P ;s <Jep!etrd r iom ths 
exifdef, or .r rcflutrsitents for L ! sftRtVP bindu^ w^flv 
(riai: j.^ted. th; foiv.,jtt<in 1,5 iht 225 vO v if ]e> >» abolished '** 
W-t5-in 5 ra.n J >3S complex fufws 12S co«jp'ex 

titt.appta.-i . a onnMt«r.-sf ihs l>Scomp!<?\ r> ATP <iep<-:^cr>t^t .1 
;eq;:-;e^ )iie U- mJ? N? jno ,U *e»> i'AOO.hst factor 1,1 '' ,> tF3Suf i ; 
m R<.T,ovcti of (hi, >' tcgior o! fes, I"? sttRNA bv RHAa« Si 
cicavagi or I'deuH'i of srher b*pc , t>,i>fiiTtuimt um wai the 
V '-jjitoe ,,-foi of tiie !>mn£.f! ptMit- f^uence, biockaff-iiTsxtior- ot 
■he cfimplet 1 « , --"^ ,, >' Tbc 35Sco«i!i , c*u-.HJ."s. -"0 

f.thef hcoatir $«i!a£e o> high ph the / .TP depc'->cent .-..-.mp'.-x 
conts:r>-fij,ll.' s <iecti;ftetf5. tt .\\S;rjf-is j>sU: ^r^Nt' ;s<: H< 
The U2 •.••'.aKT'tioe- t>o. btr>J)ot!-c r?S tpficir»f ornph^x .ifone, 
hut " .-i a U2 stvMK.sti. t ta^to;, ' !2Ai , and rc-wr V o; ^e< 
facie itv>jt\!'Hrei! v>t > sph.-e :■>«"■« <vv» v^stnl 

P.> ) s :th.i !>.".■' ' spl(. i tt; ~M! ■■ i, h>.' JSS '.-5I , l{.''if> : k,^ 
)o<f^ipf>ea! :ti<i i<; tepf;:' cl) t , rOS to V.s (.oi«f»:t t soiiktu ttvt 
aU t .<j the ,iuet<\»" as,ti>~ -.RN'Ps k the fir ? spin sn> 
irtcr.neo f"-* .in; foi(,)ej "vFi^uiS J) !■) iepiiifjxi h:sth ;<H, shts 
M!;;p-:> ..\f,i!^sttti fwiwecn '0 :o 352 ~ ! * rv,vui!0f. >j! th: 1 
tof ■ is. bU> f t;<i ..'i tclea i'j« , ?"» <>4? of U2 < sh* tpgiot. (iut 
nii^' bise :• jirto the i>r 333^ :t pvtn:) or the ;i or4 Scop i r-ucieoi des 
v, ;o ?4,t o f ait- ided n/SN Va-" -4 oompieniC'i 3! y 
chgonu. ectt k> ,ct:-Jics<t<jfnie ^'e'p ictri? i-^jvp et cans.!! i 
fcinn * ! - !{/r c;y ;* Ktti^iic •'uo'ies 'U^ccs; thai rftf 
^•ti .... . U4, ,itifi l ifptv.N t.j v t s:n^f>-vcp {.rocov 
tfivoivtijg rtjt, 3 ; i c>,itifAT of ii C 1 ;? particfe ccft,iintt>g the intee 
Jt,SNh jithc j^h ev.jcnce ,»f ,. cv,.;<t *t.- c.iti>". p^«S: ; 

IM^ro.- & tp'-Vf'.nt <sn itl. 5fyJ" o>„t s. e s i 

Bfih thr 'J4/i}>/Vb atul i^A/i- coo p!e\es jppeai in the 
of fBc-iixRNA sub' ititK, r-jtoum; ;ha> "ieir format ir 
ij mcvpi.fi iai t.f th. 'oiTtidtit,]! i>i MifiCCxJ^ortit. ptocuf 
sclj ■* '^^T!^e i-xt- uf ATP . vteasv ,f,e i<-vi-i of it* i>J 
U i't;,";pconp;s..< feists!: to the l.'<t : o pun'-;!': or A-".-; tJ4, tb 
::r ( dt6 Sure A T° -Nwauirct? V the hi:t.' rjofl.-\U% nt!L'6 
to t"6 spi!c-;t);ot^e. it is po<:',io;e r<at -,he *,i"P ii '..^uited tc 
!> l .sertt:i;e th;, U4/U5/U6 c;naf-ii:> rathe- th m th; actsit' ,v,sos: 'a- 
ijOr. of "to <■ Jtiif/ie-s w dit '.^o forttiiH^ -c. i;;.«t3ic, or Tf- 0 
be rcottJie J m tcth stops Chgcweteotuje-dtrectLti f< NAasc I! 
ok-vjwoof I ! 4 preve is^ ^orraatt-v ii iiotf th { '»'f.'op.irtteie -.tj ' 
the ."^ V4/U6/U5 coffi^icx, ?s wef! ■.t-ongiy t-ih^-'ftg 
$piic wc >re formation ird -ipt ici"g mo icaisn^: if c . racta! t n\ s i 
U; :-stTjc(i.jm w tt. chef ■ iRNPs in ^phrsrtg '* The S?^ rcivs- 
pte> contditimi; a!i fiv- j^RNPs c, the «aiu>« 5,p ! t-.*y,t oie aa,: 
.t ( ea..-ft, .!«.;''•<• -;i5tic--*,n».x,t'jf ». cot ni to this, 

onr-.t. are scute of the p^eutsoi RrfA, tne 5' *<cc. trie f*.-..;, 
acy .tvit >j! itio ptodne.! iti:toc aid <.p ce. J 0.0ns. 
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rw had sic effect, suggesting a diftemm atiansemeas of the U ! ■ 
and llS-tpecifir. prweins m <>ie spitceoicroe. Addition ai ami- 
<U J;RNf» sniibotJies so an .'ft •.pUd.-.g system ptevsnted the 
formats o- ihc 60S *p:ic.e.osorrie, and bom aati-(Uf 'KN? jnd 
ant;-S(« saiibodies -rna-iinopfeeipitated spiics-Jj interrofdiutes 
(he 60S "piieeosoftw. indicating ihat Ui is a component of 
iha spiktosoine and ;s necessary for its aKembiy 

Asifioug.fi sequeitcs. ne.tr die end of U ! are compiemintary 
!fj both ¥ and 5' sphce sites. and paniaiiy purified U I would oind 
to botf- .V and 5' sat see sii>: sentences -ari immobilized Sifsijic 
strasdsd OtiA or RNA. further pti-ifkatiw) of Ui by <:oUat;n 
chromatographic p»o-e«iur£S showed binding ort'y to ir-irw;ai- 
iixed 5' splice siies 5,1 Putified U'. t^and :o glohia pte-rnlWA 
i.rati>Cfipe. and RNAase Tl dijteii.'on o!" she boattti transcript 
showed 3 priwisj region of .-.cvefa! atc-ccudo comprising me 
^splice sits and part of the inrxort. ;M Ti'!e majority oTtit f-'sph- 1 
*ae binding by US was. al;oiished -a hen ths Ui *x treated with 
pastes w X prior tti the bi^-isf"; sad :<rir:unc'prec!«!iaitcn asso, . 
Seating that protein intensions and ccniph 



pstnng 3: 



• the a< 



>f Ui wkh ihc 5 



"■" in ;5S $plic:«s ;riKfm«di3tss or fuliy 'Jisembied 



■ othftf factors, associate jib 
ihesvjbstt;.we. ,i> 

. Biiifi p.:!;tn>5 -;f tht six nucleotide-! mm position 2 K> % of tiK 
5' ■erfsinas of U 1 v-ita a rorfipis-mcKicw ohiteniteieoiide inhib- 
it* d splicmg substantially by itself. »r.-t vte-cirtcie.d c-.lf.ftv.-igc nf 
the ccubie-slraiided isgion with Rr-'A3«: 55 complexly sbo- 
i-iteii ip'icmg . ; " ««-,-> extracts - :> Degrad «:c-n of 'be 5' innvufn-is 
of U 1 rest!'!:; : >i toss of rti;dej.v.' p ot .'r.tien of tie teginn f acorn - 
pas'-iflg trie .5' SpltC* iiW and nsaiV,' exOi. S4U,t.:er:':.ei =r. Hi "f.-rt 
ip'scing jviwms !f,! Not 'jtsly doss jvjgc of ;h; 5' ter;r.>r>,if 
aueicoticei 0: U- compietetv ;i!Jo!ith spl^-ij;, feat j; festJi-e* tfw 
3>.-od3!if ;: - ; cf iJ2, U4,1S6. ar\i US svnh the pre snRNA a» 
measured by imrrtuaop.-eeipiiatisn with ami-Sai aniilrfidios. 
it-.iicatir-g sn imjjortnfj) rcik lor the U! snSNP in th= :riiti.i! 
a^i-.rnbiy of ihc splicviiio-no.^*'- 1 -" Surprisirigiy. :be a$«fj- 
oaton of Ui wuh the. V ipUc-e site conUnuii.; ai 2 reduced ievsl 
•:,er; : sfr-t iJif friSisr <' w.;ucnccs of Ui ss remove J by RNAas« 
H elsavag? , tjijicattng th.i.t rs.':se. pairing. rx:;ween th* 5' t:r..i of U t 
.ind the S 1 jpiicf iua:.ttor-, :s noi ihc oniy ttiferseiWi «iib :he 
spiif isig .,iib;,ira;e. >v ' Unh^- <>:<? othr r wRNP-v, fjinrfing :,f U i ic 
ijre-snRNA docsttot require ATF 1 and, :n fact, in-ii'ottcJ by high 
eo:;f.L-f.;i.^i-.« s of ATP " - vi * : 

Fortlwrsvideiice for ih« tois 01 '^s;.r: pairtag bftw'ti V 
spiice si;* and the 5' end of Ui was provid-ec by ?huang ana 
Wc«ie'. w *ho st t! J;ed m v,^ ij,!icia & :n }kt..J ceiis ;r,v,sier!f.<i 
-,v!tf: muta«i adcoijvirii? f?. ! A trinsensns aad nwiant (."1 An El A 
matar-i w-th changes a; the S a--.d 6 pv^-w.:. of th« V spit-..-. ;.s-i 
ts. defective fat sp'.!Ci«g. feat if roirariiajcted w«h ?. tamarsi U ! 
that hs.'> coptpsf-trsemary t>as« pair c'ian»e:. »i tfse eivj ;c 
enmp-ntate fur the muiJiiotti a: the V spii<:«r iancfSon of she 



■raascripi {and thus restore iiflfm.":! ba.-.f. pair.rsg nciweea i j i snd 
tf,e E: A tittrs&otipt at Sh^ alt? red niie!eond>'4), the aitt-'od E-'IA 
Ivan jcfipt is spiiced normaiiy TSias. iptiee site imitations fan be 
Mipprt-ib'jij by rtmuli'jns ;.<t the 5' end of U i that testorf. rompic ■ 
m«niary t»ais; pairing. Not sii 5' '.pJiee i>i;e -notaiions an be 
$uppres&ec5 by eofripercsatory changes ;o U i , however, suggest- 
ing that hase pairing be; wcta Ui and the 5'.-.p!iee f.:!; if arcessaty 
ior :,{i|ic:rtg. but it tc not iise only factor irnoK-ed. 1 " A rigorous 
ana!y:.ii cf iiie- specific nwuttons in the region of sr : « 5* splice 
s>ie ^a; afs<> «fri3t - i'e">t wish the necessity of buss -pairing be- 
;*ccn the ffi sriRN'A and the 5' splice site for spitceohomc 

The >i-.ast yVi i functions ta a iitmlar manner ro Ui in rrtarrt- 
fttalta!- ■■.yiK-iit tiopite in J ».?. of 565 nuciaotides. YU I rapidly 
.-issociatiss -.virh ine spiic-.n™ snbsirsii-r i: ; an ATP- independent 
f»:a.!iofiW!»hiri3'fiCji mixiag.' ,: Like roam ro ah;. 5 Ul,base 
patting btiweeti the V fad of yV) ■ aati :he 5' spii:;t: jnnction i?. 
essem'ni fo: its fuaetion {. ieavsge ot tHc >' end of yUS u«ia ; i 
R^A.;:.s H and coniptemf-titui yoi-yomif.iir.tidf.^ ribniisrie* sphc- 
tris;. - J Site sp^'r-i fit mutation of ths splsc ing sucssra ;c ati': ^itsrssjy 
panfir.iticn of :ar. Miiiting COaTOii>e: : indtcafe lUs'- in yeas;, 
f.eq::srieai surroandinst ht-t't the 5' splice siie sat! ih? br jcclt pom: 
are es^j-tial lor the mii-a! bit.-dii% of *« yU i sr.RNP to the 

Mutations m the 5' spite-: iite of a ycasi-ipiiemjj sabitrata 
subitatiitaUy tecStce. bni do no? t«3iS> aboiish. J! snRNP 
bitiCing. Sttrprcingly, a stngiii base pair sub'.titaiion adjieeai tr; 
the Branch point ctjmpisiety aboiisbad the bind in?, of the vUi 
tnRK^ io> iht- -lii.^aai'.' atsd sobseQuf at a^setnb'y of the <pliceo- 
somr;.' 5 ' This r.iie'e;):; tnai U. an importaat esriy sfsp in 
"paccoiOffR a^Mnibly tf a; invoWcs recognition of both ihe %' 
ai--d ;r -tplir.e s;ir:s. Oli-.ervat!OH'; :ft rnaairnaiian ceit exttscii -hat 

seaports the nctta : i that U 1 wiXNP t-i-.ds :o siie.^. oihei ifuia m-.i 
the ¥ splice site.'" 

Sovntoi irivtifi^otors have reported thai ntottoipeviftc Uf 

Siiviiisriy rrsoiiospecfic Uii attiseiiirn witis ia-i.'nainjpjeeipitati 
sortie Ui iftRNP.'*"-" ThsNts dstasiiggc-i- that the« i; tttlet^t-in 

biv. Taf.it- together, this vagjssts a \it.if tois for ;h» Ui inP.NP 
iaVna as^mcV cS the sphs£..);;ame. Thsdais identify Ui »hRNP 
recognition of seqt.-snct:. neartf-e ttsnch j50ifii<'itid at the 5'f.piics 
site, a»d <tu^i.:.( a crucial tofe tot the US snRNP in -he s-.ttts! 
aitgnmcntot the diifetent spike sster. and m dirtciinii (he subse- 
■jtient a-i^vtibty -jftl-'t other ohRNP 1 - to furo'i ihc ;aatnte splir.co- 



f'-ottt-en ■;ro»vfiiiV l :»ij >tadies demonitr.Ur: th3: the VI is 
hydfogert bonded to pm-mf'.NJA in ih* ceii ;iat:!r.ij; . 5 " Exprfi- 
"->ea!at nnai>-s:s of thr: role of the U2 snRNP to the splitettrfune 
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as tbes.o « 



<~w«ms> from yeas; to fianwss showed *a 
1 , ,rv * * «n?te-«w«ied opon m the S' halt (>; 
a««« m ^~^^f.r because 

. . co.jfu-wro™ dm favort formation cf the i » - 
occu* m the tai« splits intermedial • Severn 

■••vat'ons mis ecu '.r-.ai she U2 >nR.N? recogatJ»S 



aoVnoxit 



S! «)^ »» .« *™ * ^ 

tracts, *a*c!, po.m n» be irr^ W c> P ^ * 
of jiiur* fragmf Mi- 



ni sw :>5J> sphcsns csmpto^ 
jwmt and dt£ spbce vte :! 

cfg« _ " " ' " 



RNAaseTI *Ji§cs»i©& 
»»c tteptetiov* of U2 snRNP from the 
-. -non Wish a beuv*J**w substrate. 
{■■Dtasniti-S U2, both she branch 
e'wwecwd inwi Tt JUNA8SC 
^namm '« •,««« m «w**«* treated 

*flc «• iv '«» A-t ' wn* »» ^«<^ ot J** - Jf - ^ ^ 
With an aeens/vsttis '-ybstrate. a !t f ^ ^^.^ ^t"i'"s-'f 
tSS fvor' tlt^ioa with RNwe A '** This nay *f*« 
x,:-v— sciivtucV the PNaie A and R" J3 « f; - °' :; " ,;iy 
su^tt 'hut t«e «*ac! :f«sracticn cf the :^RN? «.!>e 

srlcii! which st-s^the presence oi Ae« e^.Mdc^nT.mar,::, 
•in the U2 sf-KNf <Jc«ri: iwt >fcre ^ ' ls tuw ''^:. . _ 

,V s' of : J> and )h^ J<x»t? ro^i^ rarest J J-'oti.h 
■ai, tomw^ of a ,y mtermsdia^. -bi, <*S^;^ 

i (e, U i« v^"i% < oil "..«»' f" 1 
The r «t-<J of i 1 ? f - spsciftca"!'- F«(i"»v.i5 iw^nucswse pvow U-on 
of i^c Ixanch poi'-t aw* wc ( yjf-f«'5.- ' ^ 

}n a m astt.<t aoaiocous. to «pcnmcn« «or-« * 
cofflpeti-wwry basf f.hango * U2 ih,K resides ; base -ps-fiag tat- 



v'-.-.iS of U2 can base -P^ 



-.c branch pole 



c ccmE»!err«!(iisi 



rhisciearty nrfir stts ihs: (sucker 
with pre-mRNA Mtterjte .w i! 
fee rtsse&safy becnase >wi s=S watwii si 

uaAsenW ..t»d to* ^ U °^ sn * ■ ■ r 86 * 

lht r e«-i of ibe U2 wiRNA ihai btna* tV: v<5-5pe«f«r 



s.cit.^c^, ; , morein.^fl. for U2 snRNP b:^«S ^ 
branch 'pomi sequel itv.K. if 3' spiicc s.i-. rt mm«e<J. J- 
■ : ,pN*'bi«d!!iittJihei,»bsifsiear.<ifcraauot}0! ** sp«f-»>£ 
inteTOerfiJrtr. a«a wibsequeut dicing >s sabstan«*liy !t«w«J « 
4i!mkiatcci Ho«f »f she branch poin: ^«r^« 

':w.U>.U a cryptio branch r^at bs astivaicrf ^f-J*_* < ; 
anprciHW* ci'siaoce upsaeam os tbe 3' splsce siie. J,! -^ i"h« 

wZcivd «>ith :b'. T splice siv sB ibi bimiing ?n^NP » 
^ spikhig compter Two f:tu y! , b:iv, i»„ M*** ** . 
iw«a« v-hh tt* r ^itc« £i» w«i «t *t«Oft£ c»d«Saws f« 
•pvol-e^m m t 5 - bmciing to the brweb point. 

HigbW punfietl U'5 r.nRN?. w:« ^ b.n<J to the branch po«H 
u-iies; a« acldii.o^t proicin somponea-.. ibs Mi a«x>liarv t^.^r 
t U2AF). is sd<te« »v «»* »piie«S w TV b " Ai ". * n <" 

vwcificiU,- "0!!tc 5" spbec site and t^mEStt-sary prcfcqytaie to 
J * <\Po .oc ^f'^o t^t pom. t <.tuo 1 ^ 

s,^,,. that :.hs ^tac^n of - ^RN^uh oo^ th.bt - 
M : ^w;a:ad iO04:Da ptc-t^n. atso fcinas. ^ -r.e j 

s , , » ^ « ^ , V 

Vi->a urswif, SsckArty «ci'he t ' i lhs i'-^-^ 

proKiFi'sf) U2 i"KNf' iiific-.r.ii smi s trficcosonie asvt^bSy is 

aM t n Teasi. vU? M*y* cJ«mtaU» the in JP^^ 

si i mjcifotitics is. fir latgef 'haa »w !S>-f-ucicc-:>ve w.t.i- 
-ft'- jcnce hotf.Pii5t;y with »s ptimafiiy n (n* ■• : : J f^- — - 
ikH-s wi .h 3i maUK ? .o«»* fi -V>r,i..hai is «eaVJy ^n^oaa 
, «*. ntt^ion of r.ca«v at - cf the snusn:* winces tfroro 
108^. wb>ch sbow «r.g«oni hOffioiogy w I W. iw, 
U6, t^t^t >n ao : m S i spSici,, .nd tt, ch^gc :a crii growth, ^ 
Tfc<- in ; emit semiesices ihtietore do not bjv? »:* aswn.Mi -i=' ! c • 
lU-^'-itho-jgh it :s po:;stWc ib::i ihsy may be mvuivei^ir. inii-t3c- 
:jO',< ^.)hoTh<-. tnRNPs stsdaisiti : n aisembWot MJbUsiSH^ D. 
^' snt^wtsiBt LA* u:. y«J raprfly ssioclaKs ihc 
spi.^o.cr,, ax att e^ly s-a^s. s»d ^ 

^^.t th, , r i^ ^ p«*»' w v - 2 «■ t,m ;sd - f <e 

SV.v,,; :tiI1 0 f band Tlf the v^i a»a!cg. oi the 3SS p«spSR>:»g 
c^sie, .» nt«».v«t.a« systems, a k5 «1ek«o«. 0;VU2»?«f^ 
..^"ofe^warv » *e ferancb yoiw biocK s?hci^ • " 
„... oNjervat-oa ifi niair.maiiin cc!fs, the 1 spllii: !i * wl 
cs.icwtai for tsw bW«ir,rf of yU2 to th* i?Uci»& «bstraie an5 dw 
a ' s ;,- ; .ib!y of the soiic^so^s.^' Thb su^ests th« ti»« ^ ><« 
eqwiv&tsfii of tb< niana-dian U2AF in yeas- 

C SnJub a. the ^ to ^.tth.he 

1 ^nltciCWftw to ft'TH the maiwe 50S paotcia. a»o .! ;s f 



bhfv 



m ami U5 snRNPs p « 

} H 0 0 i «J Clfcff «l b f ^ )J n o ht V ^ ( r 
ip'O ft it- r n U i * -> £ ^ m ,y. „ r „ ( 

' <e St - ! f iter h t j ^ir>^ in - j (_ § , 

(h • it ^ *vM ^ f r , t ou 

* plu. 1 H-fnjt > j) -s<> p a t 

- ' ^ I « Vft~« * f „ , , 

f »» ^ K.' ,1 cff^, f 5 

' < m n , u v ^ „ 

> \ * V t b * 1» t | It t 0! <! I t t 

iTv s fi I, ^0 I e , (t ay j ^ 

' "t ^ pi i > n io,to i" t<oi i n i v , , 
c ' t» t b I -it i i£> , , i , f r K ( t 

' £ ' '** ** " » 1 i J : ,rm* „ I 
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AV> ft* use of snRNPs for spiking provides enormous oppor- 
'a'At'Wrof rigalstitig the Sjsbcinf reaction through modulation 
^ ibe7n&N?i. The obser^tiftf. that iht st»RNP-&pedfic f-;ote<ns 
^dynamic tcaviim. mdependmtftfwcore prote^.&otsaw 
pKSC^ of 3 tags mrfnfce,- of iow-ubwdwce vmmm snRNM 
« ith sbghti v differ* ru seo.uew.et arc example = of ; -he aetwt- 
(ies of the individual stiRNP particles can be tegu!a;sd. 

The snRNPs iti.iy a!;.;- ptov.de a rnscbarttitn for to^ii^g 
or-.'-!T:RNA processing and tr*nspon w specific regie--):; of the 
•K-cl*-« The iiiu-aimics^rai Mwiies demonstrate ck w<RNi s arc 
iocal«*« in specific region* of die rtoc^ptasrr, wnere they 
-> -iwi ir-'neitcrata structures. Thsse «prcf.em spesittc sites 
♦ot bot > .ft^vi a.o • >po t o p- riRiX'A Mth j^.-niy 
snPiN P'i appear to t« SftiuWe «ie nvcieoLiiii.srrt, the e fsnciiment 
cf inRNTi in tiir ividerr mfiirix suggisis the poxer-SWig cotfi- 
jle\e;ov\^n ais^-am^ *' lV > ?f«r.c -u w tu«i^w 'Mn *e 
nucleus. These aiiichvncriis could be directed } jy cister m terse- 
"^»S of ^e suUsate pre-mftNAi, Of possibly by the snRNP 
MrricS.'.. fi»e icMt id ie^r iaur Ciftce of she L ! 4;Ub an.1 <S-'S 
inRNPi competed «^ ! '«« J - : 1 u 2 MiR '^' ' ^ ^ | 

different affinities of the snKN^s for ihe spl:'-itiS'-<'><-j> !ey - The. 
rcccisbtution of in '0 »piir tftg reechoes bom punhetS e«npt>- 

"e-!t« in the Slicing triaeiion. However, mioses of the ; oles of 
ssiRNPs sii localization sjwi imispcn ol pre-rhfcNA will requite 



B 3' £nd Processing of Pre-mRNA 

pre-roRNAs fit eeKar-Oiic ceib are transcribed as longer 
precursor.. In addit.os 15 «!« tergal of .r.vrons by SNA .pacing 
^.dif.e^d »«>«.ihe V create ;« 
have a poly-A stretch «rf approximately J SO nacteotides adrjeo 
after V rleavdgs, bo^a ;he ma:wr:: irsRNA ts exssrttc ro trie 
cv«B*asm. A M! w« f *ses of mRNAi. pfedwmn.wtij *e 
historic mSN As, an« exported vithoui fhf addsiion o' poly A nj- 
tko;iii« : . Consent J seiviwce motifs tiijt ate sssentti; ror W 
s^eftitc;J"ofjne ^w.«st!'-g ^..^.tions art found surtw^tnii she 
3'Tit.is r,f both Cissies of pre-mRN As The histofs* vM&np* 
ha%e an «serttla! stem-top of sppfO^maKSy si a 
•■fvcia! fiuciecstkies utfitseAm t'.-m ;i;e j snd. 8r>c! a n\p»y 
ccBiservtUS f>«eleo!iiie nidtif 13 to ! naeiw-iidtiiiC!^ ri.Mream 
tiie .r enrf Ba:h b;e leq jtrf J for wjp-:r i' end cleavage. T>« 
«.iy»de!>*lMed mRNAs havs a aw«f of AA-JAAA appiWJ- 
rnal^Jv 10 to 20 noctec*.** «ps^.v« from ihc po^adenyteioa 
aitd less weil-ceriSe^edO- and t i-nch scquefitt mollis ihsc 
ve wiihs.-; ?>0 nacieou'des of tbs 3' ^;«S. )f ■ !,, SnKNPi Jre now 
kkmifieti essentiai eotr.pofssnis of the processing scmpfexes 
ihat gettera-r me i' end?, in afuiog* :<-> the ft«ic;«ws t,j ihc 
MHHfi m ff>rrti?«ofl of the :.j»lic«»«fw. bate -p»inn& Utweea 
the srtRNA and conserved teq-jenre most is «■ «ie sv:t-s!rate sre 
essentia! skps i>' ; »*>« p.-WKtsingof fisstotts siwsenptvaitd possi- 
bly ^ha pciy6rfeftyi3 ,l " ;r; te^'Oft & well. 



t. Hisfcn^ Pre-mRNA Processing 

T\k U'5 ifiltN Pisa tiecesf ary cofsctor fcr die 3' e -eavBge of 
me htstotis pre -mRN A U7 snRW? (he first stiRNP ltiettti iierf 
an the basis of a funetiorta! assay. ClWHtdcopiS* (if i sra urchin 
hutcne m transcripi IB j<rcted imowxytes show bttie aeetisste 3' 
ettd processing (most ai-ie^tet ded n the 3' t«»d)5ifil«ss sesurchia 
potv- A RKA «*w ^iso is .ies-ied. ; " F rachoaat.'jn of ihe RHa.< hy 
sucrose sradu-m ceatnfuaa!>on and get etteiropiicresh ideaiify 
a S2S factor con-xxxt-.trS t 5C-nsitieoutK RNA_as it* 

ia-r.-.ini.ptccipttatio!, of :.e:« urchin exitaets wiih Sin sr.ttbodies 
.i*ii is appioxirfiaidy 3% t^e i.b«nds«c« of U 1 ^ Ssiiuenc«=8 of 
U7 sntiicstcs it ti 3"? ftudMnteis U>!!tj. ftitti sriiajriBSlic ifsmeth- 
y!f>uan(..i^te r.ap, ar.d seouefiCM. at the 5' -.fid of the sr : RHA can 
oase-fJiif witn !h« :onservc4 sequente moul downstrciim ;ro;n 
^ f.Mo-t J end « A»ho«sh « • *«* 5 ^^W^^t 

ceqaenec rnohf tV b.ndiog the snRNP '.ore ?tw«.s, r.« {a «o 
analysis suggests th.it a sequeri'.fr .if AG-,Py},A AO t*** 6 *" 
fiucjeofides i> at.d ' =s responsible for biting ihe resc«vc 

V " r pV^Vn^ai iOl" of bisloa:fin(jbeiv»ecr.ihe L'7 saRNA and 
■he eor::.«r-ed do* :,irre*n seq«e.r. W uemer.t i« tte htstuite pre- 
mPNA V.SJ. Ctmutiitiated ;f: tr*e ime.yte sysvsm &y cowpe-isstors' 
base ch.wiges. Mutaiians in the r.fd»«rvcd dfjwnssfe Jtn sequence 
mwif CAAO AAAC A in iiistor* ff J tfa^eript lhai mhsattec 
nonnal s' end formation eauki b<i tr.seaed by corapematcsry 

sfcf«fi( Sequences in iht i«.«.wl h.t rpm loop of atRNA can 
»ij.'-base-^aif whh:i''« U '' saRN'A. H«wev«r. mutaficna) analysts 
suss* ^.-paiRnfi ™>tii the steir: ioop is no: vita; to f'te 
f: f! Ku.in o; th« U? itiRffP.® 4 

A u^:«rna;ifii; ft vt.vo hissor.e pie-mRNA piw.ei.sing s-yr.rem. 
ekiiied ftiwoniaitan tii^ionr i!;jii-^;:pi>ar : d a He\.»naf it^r 
-wsrac has cfwf-if.tenj'.cd severaJ of At «ef s m ir-e histor.e 3' 
processina. sss Aeevra;.^ j' end pwei-Stng re wire? both the TJ7 
■ ■iRNP jud a iKit- -ifd pwtease-ssnsitivr f.viior ihat not 
rtrecipitiible bs ;.-a;borfics, ,,s in the in n'.'fo sysisw. wti- 

Sm :ini;bodieip<«t:Citate HNAast Ti -resisiar.t jia^-aef'-t-t eori- 
ta-ning i?oth th« 3' ssenvioop of rhe hi:,wne tsiRNA and the i 
dONV'isircf.m seqtianct motif Additional protected fragment* arc 
df,eet«S 30 mtn further ir.io th« procei5»ig reacii&n, snetyrfins 
the 5' eap- P 1 ' ihc i''Si«^'- antl sequence;, funhei down- 

^eam'fron} tht 3' snd-^Tht faciw h:ndsn| the do«m«irtam 
<eoueiKi motif, bin mu to ihc item -loop, is r.ytteasc '.eitsitive, 
T?,is sujgcits iha; tiw i'aetGf bif.ding the siem-tocp is posiibly ■ » 
prowis/feaciive v^Kfi the Srri rsfHtseryra. tn.i not a saRNP. 1 '* 
Cleavage uf the. S' cr-d of 13? snRNA wittt coir>p!ef«ent,:;y 
u^o^c-cotid- ana R-4As ; ;e K abuiishesbiston^. prc ^K'AA V 

s^fos'twa^ly 0 7% ihc abusidanca oi' UL 

'At-ho^.h aft.-o-attiv conserved, in.sea «rch.» hisiotie t»8^A 
r.reciifSon.'i the 3' -io-nst^^o sequetice eteijwnl thai base -psirs 
wkh t;7 if. itss toese r\-ed t" other organtsm -nh a o« 
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C/AAAAGA* Sequence analysis of human U? shews 

science and considerable t.scondary jrtnictural homology with 
$es urchin U7. although the region of corriplemctiwsrky to the 
downstream processing element of h-stene pre-ntRNA ii ten 
nucleosides instead of trie six nucleotides for ses urduo U7. The 
human U7 lis;; several U -esidties in tits putative base-pairing 
element tri.-ii can h.ise-piisr wirt either A or G and allow greater 
flexibility in the recognition site.** The failure oLYi'/W/>i<s oocyte 
U7 ifiRNP toproperiy process the injected sea urchin HS historic, 
transcripts, but to process several ether historic transcripts, sug- 
gests cotisi-ittsbk hetetogctidry of IJ7 atnoruj var.ot;.'; organ- 
isms. K> The re are ais'J data suggesting there rosy be several U 7 
snRNAs thai eoufd provide ths possibility tnr;>:;crTi::!:ya proc- 
essing pathways," 8 

2. Polyadenyiattan 

YVith Umitedexcsptleri.cyarplasimc roRNAs are poiyadeayj- 
sted ir )he ofctl nucleus beloie eApwt so the cytoplasm. This 
ttsctton involves U««?wJoft'jcleolyJiCi;J«:jv3ge of *spf«r-!nR?4A 
a; a ipssifk p&xttioa and the addition of appropriately 200 
adenylate icsidues at the 3' end. Data aie accumulating that ihe 
Ui i StiSNT' is pin of ;be processing cornplsx. However, bsse- 
pmrtng between a snRNA and the conserved sequence motifs tie:; 

Ln ;>; w.'rj) poiyadenyiriiion system:;, the AAUAAA .'lastuence 
anil in sonic ctrcuaiitaiice fragrr-epts extending to the conserved 
downstream sequence elements are protect as from RN'Asse 
cleavage and can hr. irnniiinoprccipiiHicd by Sm antisera.*'- 185 --'*' 
When the enmpfcxes aro cro.Sv-hnfced by UV irrarfiaiion, a 
msttesse-resistant iragnien! is Imrr.ativjpeecipiati::! by ami Set, 
but nor anii-triroeihylgoariofitrH: cap anthers.^' Tins suggests 
thai, iike she sMtn-inep binding activity fcauc in Sihion.e pr«- 
mRNA pfoeesiing. i Snwe.aenve protein :hal is net .': si.iiNP 
may bind this region. The involvement, of a RNA in the pclyad- 

Tfte. U<t in RNA has sequences corjipiemeniaty to the 
AAUAAA poSyxdenyjaiiori reaction, bi:i degradation of these 
sequences in the U4 does no: block ;*lyadeny!iiicj;i, suggesting 
an 3iterrts«ve snRNF is required for the reaction Recently, 
the in vitrei poSysdenylatiori extract has been fractionated into 

erase, atui a riboutscleoprotsi;) panicle that copurifie; with the 
U i i sbRNA." However. U! I does no; have sequences coinpie- 
roerusry to liie coaserved A AU AAA pciyader-yiation motif, sr>d 
it hi -tnitfely it rnnogfji/es ihs sntAHaie by ijsAt-paiting ,J * The 
possibiltty that othc, ycf anidemified snRNTs ssv. essentia! tor 
the processing re-actmrs stiil remruns. 

C. Prertbosoma; RNA Processing 

U3 .-inr! U8 .'.re «»!!3«e. ainong -iifr cbai.if tou^-ri nwir:fi!aii.-tn 
snSNPs in their !oe3iiia:ion in the naelioius.'- 1 U8 is prceipi-wed 
by snti-Sm amssera, but \J3 is not. Howe*et, US Sacks a consen- 



sus Sm Jjintiittg site and roirSd pfjssibfy be precipitated by 
aisociati-un with other Srn-ecntairtinf; panicles;.' Reeerti sturiies 
tffdieaie that U3 bas a corjipletciy different pro;ein cotf>pos«icn 
than the other nsajcr snRNPs. An autoinnmuae serum directed 
again;;; the Mt.l* nucleolar protein, fibnilann. selaciively 
ifiiinartopvecipitates tbe t.?3 snRiVPaf.d y. s polypeptides ranging 
tti ftiofecaistf weight from ■ 2.5 to 7-"- fcDa.-'- 5 irfimvinocytocherrti.';- 
try indicates thai fibriilarir, anci Wi are restricted to die fibriiiaf 
tegions of the sucieofus, wiwre t RNA (rati script: on artdptCJcess- 
ins occur be fore accumuiatiftrtof more r«atyrc ribc-f ornaJsubunitj 
in the Hrantilar tcgiwi;, of the nudeuhis. 54,1 "' 5 - 5 *' 

m~*m the ftm saR.NA implfva'ed in RNa ptocess-n? of 
nuclear SNA, because. spproxirfi»teiy '50% of the tot;:! !.-.') re- 
mains hydrogen bonded to 455 3nd yyS tRNA precitrsors after 
tieorous extraction procedures. n> U3 can s; psoralen ctoss- 
linksd to high moisxtdar we-iah: iRN». in viva, however, the 
es .si. • regions ofbiise -pairint! between U .5 ane! ; he r RNA subsu-iie 
are aoi ttltar.^-'"' Nocictttidcs 159 to 1 oi"U3 *te cowpie- 
msnlsry to sequence.', at itnr junttion of the fi.SS RN'^ anft the 
interns! transcribed spacer oi ~i2S P.N A, which is the precursor o; 
both 2$S a«d S. S3 rRNAs However. a!i>*ugh tbe'.« regions are 
singSe sirantiftd, they are prcj-acted from chemica! rno:;jfi;.\-;:)on 
s»d RNAase A, H, or Ti cleavage.. which soggesss they are rat 
avail jbie for base-pairing. 5 *- '' A singie-stranded, relatively 
unprotected region »f US -03- 1 ill also fhows cfimpiementarity 
to regions of the transcribed spacer at the 3' end of 28$ rRNA ai:d 
■i another candidate for :ea:r;iv; of .U3 that bsst-pairs with. 33S 
pre-rRN'Ss ifosvever, psoraien cross-finking suggf.ii.t U3 
also ba^e- pairs with r^sions at tne 5' erd of the 2Sf> rRNA."- ,,s 
'fbereiore. the. re jjion;. of (he pre-'RNA recrigiii;cd by t t: e U3 
jrifiNX ami irspOSStbh-. function if: recoj.nij.ing Specific oire.s of 
rRNA ptocsssing tcrntttn to be detamtified. 

in yeast thcte bjc si* snRN'As :n ;t;e tiucieobs. a!tt;ough 

opens the pij.vi.ihihty that mufupit: snRNPs may asaetttbie mto a 

pi.ism. Ftirther studies will be requited to dstsfrnsne the exact 
funciions t;f U3, US. and other riacteoter soRNPr. in ribosonni 
SNA processvrt". 

O.Outsook 

Ttf: snRNP particle i ar: ereefgjng as cofsctors for a ^'tai 
range of RNA processing activities in the eei! nucleus They s:-e 
ancthttr irKilciitior; of the ability of RNA to mantigs: ;;•; own 
affairs. Although the contnbiittons of the snRNPs to the ttney- 
rnstic activities of the p-.wessing reactions n no; known, the 
snRNPs proviee specificity by recoc.nix-nE; conservcj seq-ionce 
itionts Hi the juhwaH- s and provid-- a waf'ft<fding npf n which th« 
processing events taie place. 

SnRNPs evofved with the eukaryotsc ccfi. SnftNP assembly 
;eyuite; : that the snRNAs appear transiently hi the i.ytopfasrti 
•^-here they actfuire tiieir conserved core of snRNP proteins 
before reuimsng pernvifteutiy to the triieipfisr.e nuc-iu.-i. in orjian- 
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il'es. Rf« A 1 p-sciogo'.f sirs m&( i$ jtimb: iu iliat <n ibe ? ak.wyotit 
n:n ieus 3 lowest, t rxfu<"S witht- jt tbc .i:d ofsoRN'Ps, ^ge^ 
uiE t'n;, snRNPs 3ppear«! Uu.s smi t"-»«J (hi ".jhsraM! from she 
r :Ioi.wi cor.it 3>nif of se it- split -n ? "^if CMBrntmco! c of snRNP 
ofoitms, rt,i¥ }>Mv«ir she -.peo^'iv Sof iiMemimng the my!!) 
srRNP compile; of 'he bftir-':,.>.me ami othet {•<oces«itg 
e\ers>'. through W.utypw m'eraet'-ws iwweon She ewe p-o- 
letrss TV TtN A.- free * pR^P rr-»ti >n t>if .-yiop'asm dnpUw i 
f.umfce-- Of icffioiypH. -.tnv-v.it Oils <hai may be a fHV.mw of 
siniiiaf scuwies in the rrsatwe ^uv.<iv, 

The sbandasce .and siabiHt-! <A &,■>. if.KNPt i th*s / 
.-.-c i-iesent 3'. both a.t vc atw ftovlii-, macwe fo-.ns i<> if.e 
n<w-ieus, in jlogi-Mj to the function.^ w of -he i ihovdwj m ihf 
c> t.,p!a$ro It known :f ihe jeiivs: s.f(RM\ n* rnictet • 
p'.*sw J" -s ■'.J'i-iHf. comiwmiwM or off.vrrs^o' ;o aie f)b:ou> 
ikei-'Ov-. shf mn.'e>» yu'te -cs-ibty appe<r m itt^, 
ti"iie\(i .-rvfiNA -•.rf 1 .-.v<'5:«-;(r:;><'CvUKi's.iiO iiJsaH(~Jis>h*« 

s.;.t; t .'fff. .ifid " ■ f "-J s. ro: JS^ng f"" seqitt ev««i* ;or crov pre - 
mPNAs •>rc' the v CK-: (..v'or ;he^t,j*oc«sse>ivJi - w rafufajicncf 
(hi J:ile:<-'f>i '.%:.e-. ofrye fjRNA rtsrasf?', !-■> bi deiemwW 

: ei. Ql'-ii tars b~ -swrr^etj l-irc-iiiM of ekvif'.y reiatcu 
PfOtvins bv s!ie-«.iii.-e fcN : A „Ucn<; <A\Uiai-in of Jtersta 
!(V* 3' i:rc . T>.« io»nT.b>i> of she ift^'.Ts ;o theso oiKVf.i 1 s are 
not Ore «r.t.:Me 'i> rx 'hc- i ii ibai v,y.a<- : ; m f f f ^ 

.-Ofiiribyti- ..; xht ;t.t,ii of >:w^ o'smuf «r >-.tcs In <«J*t r>K. 

tbc ;iy-"-«5v : - jftwiiu-sof ;,fi^NP-'.reCif c piutctos AftJ.vi.:s : 

U: i(Si?Nf ■■•{-. ■!'» pif.>e:ns iw ovu fE:v<i!v ssi.1 t'-e *0 

csKtoartt-gt SL;; hj nwf -^uiin*!!^ bi-v- t"ese p'x: '.ar.s ait for 
frorti ovbw mifev«!i«'.i- p-.-jwi , J---' ! *say s-.ajTi ,vh-t -(..iiyte;, „i 
ibe!>irjvU|wpi!.fe5 :'i'sJi if ''.'>" tuff ir.f *rr;s»f aaii.tantigi.ii 
The .votMi')4 fs't.iiiV-- "! lo , »-.tb«r»lv<-iv-e 'iiilNP^ irier.jifiat! 
s sajjc ;f'at snRNFS r;a-' be v> « ois « f jt ,i nofcBcr of «-jJitiona: 
uftfdertJifw d SNA-fsw'.v.fi^ evems A< t.c tuncisftf of !:>e 
jna.rjr snRNP &.!f«rf« e:itespt\ .tew t-vjoa^ -.mer^c 
-fttju: she fec«!.i!ioa *e;r jcuv dies sn<i tf><; >imi!i ot ::ie>r :ift 
cyJe. '\ cr.-.tca: siisi.vMi •■>' >f«- f-i^(n-ii< rtf she <r>R\T<; 

p«ti«V,'J eomptirisrsfs With ihe av*j;c*)h;y oi ck genes w 
me s«R?<P D-oUHfiiiid specify vajmsu^-SN A$,,a ^siessn 
wiii he >bk 10 evatiiSis t'ic t ^(r >b«- ,t -s of so? c -.y snP>J As « t<3 
pantcu;ar f roti-iR ccmatfia i>' K?<" ^ j"Ocess.ng. The ^ji'istitacd 
a { i;>fo*thcssvai!a»lf mvf3 S Uf!<loito viistpk; u,U(vtv 
sf s will aiscs be v.ji.sabif fordefinm; and i<Jettji{; the funtuons 
of otbsf cosnfi .ki«s r-t ihc p -oces'.jg compie vos, Th j «>«.>•. »iS: 
■.^ an ejtsi(.»8 .>• .i-'e ten stiidytr-; ihe snRMP parties 
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